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Foreword 
The authors of a survey of kangaroo harvesters in 1986 stated that “…different shooters are making 
varied and ill-founded assumptions about the biology and reproductive characteristics of does and the 
likely survival prospects of orphaned joeys”1. This research shows that kangaroo harvesters need to 
make a greater effort to locate and euthanase orphaned young-at-foot. Failure to do so will have 
significant animal welfare implications. Management agencies should send a strong message about 
the importance of this issue. This research also demonstrates that the methods currently used for 
euthanasing in-pouch joeys, when done correctly, can lead to a quick and humane death. Harvesters 
need be trained in the best practice application of these methods. 

This research shows that the public believe commercial harvesting is an acceptable form of kangaroo 
management, as long as it is done by professional and skilled shooters, and the carcases are used 
rather than wasted. The suffering of kangaroos must also be minimised, and the most humane 
methods used.  

Kangaroos, harvesters, policy makers and the general public may all potentially benefit from this 
research. For kangaroos, the harms associated with harvesting will be reduced; harvesters will now 
have practical information so that good welfare practices can be accepted, implemented and 
continually improved by them during harvesting; policymakers can have confidence that policy 
development and training is based on the best available science; and the general public can be 
reassured that the welfare of kangaroos during harvesting is an important issue. 

This report is an addition to RIRDC’s diverse range of over 2000 research publications and it forms 
part of our Kangaroo RD&E program. The report has been independently reviewed by an 
international expert in this field. 

Most of RIRDC’s publications are available for viewing, free downloading or purchasing online at 
www.rird.gov.au. Purchases can also be made by phoning 1300 634 313.  

 
 
 
 
Craig Burns 
Managing Director 
Rural Industries Research and Development Corporation 

                                                      

1 Young, M.D. & Delforce, R.J. (1986) Licensed kangaroo shooting in New South Wales: The people, 
the money they make and the animals they shoot. The Rangeland Journal, 8, 36–45. 

http://www.rird.gov.au/
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Executive Summary 
What the report is about 

Animal welfare issues surrounding the commercial harvesting of kangaroos have generated debate for 
many years. A survey of kangaroo shooting code compliance by RSPCA Australia concluded that 
research urgently needs to be conducted into the most humane methods of disposing of pouch young 
and dependent young-at-foot. Given the importance of animal welfare to the general public, this issue 
required addressing. 

The absence of objective information was a significant barrier to improving the humaneness of 
methods that are currently used to euthanase dependent kangaroo young. This project addressed this 
issue by providing objective welfare measures that could be used to develop agreed best practice 
methods.  

The results of the project will be relevant to regulators of the commercial kangaroo harvest, the 
kangaroo industry and also the general public. 

Background 

Aims/objectives 

The overarching project objective was to provide scientific knowledge and other information on the 
animal welfare impact of kangaroo harvesting methods, with the aim of determining the most 
appropriate euthanasia methods for young kangaroos to reduce, as much as possible, unnecessary 
pain, distress and suffering. 

Methods used  

In this project, we examined two key issues; evaluation of the humaneness of current methods of 
euthanasia of pouch-young, and determining the fate of orphaned young-at-foot that escape 
euthanasia. Also, following a recommendation from RSPCA Australia, we trialled the use of a 
captive-bolt device to determine if further improvements to the welfare of euthanased dependent-
young can be achieved. Furthermore, we gained an understanding of the basis of kangaroo harvester 
attitudes and how they may influence behaviour, and examined attitudes of the general public towards 
commercial harvesting and other methods of managing kangaroos. Together, this information was 
used to suggest improvements, where necessary, to current practices, and to educate stakeholders and 
the general public.  

Results/key findings 

Currently used methods of euthanasia 

The currently used euthanasia methods, when applied correctly, can be effective and humane. 
However, there are some areas where improvements need to be made. For unfurred pouch young, 
decapitation (with or without cervical dislocation) and blunt trauma to the head are unlikely to cause 
suffering. With partially furred and fully furred in-pouch joeys, the most suitable method that is 
currently available is blunt trauma to the head. Blunt trauma to the head is also recommended for 
joeys at the in/out stage of development that are in the pouch when the mother is shot, or can easily be 
caught by the harvester. Our results indicate that bringing the head into contact with a stationary 
object, such as the tray of the shooters vehicle, is the most effective method available. Young-at-foot 
are very mobile and gunshot is the most suitable method for the euthanasia.  
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One of the most important factors in assuring the humane death of animals is that operators are 
properly skilled and conscientious. The importance of applying a method correctly together with the 
training and attitude of harvesters should not be overlooked. 

Some ways of using euthanasia methods are more effective and humane than others, therefore we 
recommend that they be standardised. A standard operating procedure that describes in detail how the 
methods should be applied would reduce or even prevent some of the negative welfare impacts. 
Development of a more prescriptive standard operating procedure for kangaroo harvesting and 
training of harvesters in best practice application of euthanasia methods, will ultimately lead to more 
human harvesting practices. 

Although blunt trauma to the head may be seen as cruel and violent by observers—and may be 
unpleasant to perform—from the animal’s perspective, the duration and extent of suffering is much 
less than other methods. The duration of distress prior to the use of blunt trauma is also likely to be 
less compared with other methods (such as overdose with barbiturate). 

Use of a captive-bolt device 

One way to standardise the method for killing larger in-pouch joeys, and to also address the negative 
public perceptions relating to the use of blunt trauma on joeys, is to use an alternative method such as 
a captive-bolt gun. To date, there have been no studies that explore the use of a captive-bolt gun for 
the stunning or euthanasia of kangaroos. If a captive-bolt gun is effective in causing rapid insensibility 
in kangaroo young, it may also have another advantage of eliminating the short but intense period of 
stress for joeys caused by removing sentient young from the pouch. Stunning joeys with a captive-bolt 
gun whilst they are still in the pouch could reduce their distress, as they will still have physical contact 
with the warm pouch and will be less exposed to the spotlight and sounds outside of the pouch. 

The goal of this preliminary study is to determine if a commercially available penetrative captive-bolt 
gun—propelled by a spring mechanism and developed for use on rabbit-sized animals— is effective 
and practical for stunning in-pouch joeys during harvesting. 

The study was conducted in two stages. In the first stage, the aim was to determine if the bolt had 
sufficient force to penetrate the skull, how deep it would penetrate, and the optimal shot placement to 
cause extensive brain damage (i.e. to a cerebral cortex and brainstem) to achieve insensibility. The 
aim of the second stage of the study was to determine the effectiveness of the spring-loaded captive-
bolt at causing insensibility in live animals. 

Based on the results of our preliminary trials of the Dick KTBG spring-operated, penetrating captive-
bolt gun on in-pouch kangaroo cadaver heads and live animals, at this time we do not recommend the 
use of this device for stunning or euthanasia of these animals during harvesting. Despite appearing to 
cause adequate damage to the brain when trialled on cadaver heads, an unacceptable proportion of 
animals were not successfully stunned with a single shot when this device was used on live animals. 

We conclude that further and more detailed research is required to determine if captive-bolt stunning 
is effective, practical and a more acceptable alternative to the currently used methods. 

Separation of young-at-foot from their mother 

The lower survival hypothesis 

The hypothesis that young-at-foot will become moribund (and may die) within three days of 
separation was rejected. None of the young-at-foot became moribund within three days of being 
separated from their mother, and all survived for at least ten days (when the experimental treatment 
was concluded). 
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The welfare compromise hypothesis 

Response to water deprivation, food deprivation, malnutrition 

Taking into account the difference in sex and starting age of each young-at-foot, we found that there 
was no evidence that separation results in a reduction of growth rate or final body weight of young-at-
foot. It remains to be determined if longer separation has a negative influence on body condition, 
growth rate or weight. 

Response to challenging environmental conditions 

During the experiment reported here, environmental extremes were not experienced. Consequently, 
we were not able to provide data on the extent of negative welfare impact in this domain. 

Response to disease, injury, functional impairment 

In the young-at-foot studied, we found no evidence of increased levels of serum cortisol following 
separation, although the initial sample, which was taken just after capture, may have been confounded 
if stress caused by capture resulted in elevated serum cortisol concentration. 

We did not detect an increase in neutrophil–lymphocyte ratio in blood samples taken from young-at-
foot, at either 24 hours or ten days post separation. 

Response to individual, group or interactive restrictions 

We observed an increase in risky behaviours by separated young-at-foot, such as an increase in the 
number of vocalisations, which may alert predators. Separated young-at-foot were more frequently 
the recipients of aggressive acts from others after separation. In particular, adult females would act 
aggressively in response to an approach by a young-at-foot that was not her own. However, not all 
approaches to adult females resulted in aggression toward the separated young-at-foot. On two 
separate occasions, we observed two separated joeys with their head in the pouch of another female. 

Response to unpleasant or noxious experiences 

We found that the short-term response of western grey young-at-foot to an abrupt and permanent 
separation from maternal care was correlated with an increased frequency of vocalisations, a marked 
increase in aggressive acts directed toward the separated young-at-foot and a reduction in the 
proportion of time spent grooming. There was equivocal support for an increase in inactivity 
following separation and a reduction in the frequency of play events. 

The data did not support the idea that the proportion of time spent foraging was affected by 
separation, although there was some evidence that the young-at-foot separated for the longest were 
showing signs of a nutritional shortfall (absence of mesenteric fat). We also found no evidence of 
stress related pathology or changes in physiological indices (e.g. stress hormones) as a result of short-
term separation, although what happens in the long-term remains to be seen. 

The changes we detected provide sufficient evidence to conclude that maternal separation causes a 
negative welfare impact. It was in Domains 4 and 5 that we observed the greatest compromise, which 
indicates that, in the short-term, the mental state of young-at-foot is highly affected by an abrupt and 
permanent separation from maternal care. 

Survey of commercial harvesters 

Our results indicate that only the attitude and perceived norm components of the Theory of Planned 
Behaviour (TPB) are important in predicting harvesters’ intentions. This suggests that harvesters with 
a more favourable attitude towards euthanasing young-at-foot, and who feel more social pressure to 
do so, are more likely to intend to euthanase young-at-foot. 
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Perceived control over performance of the euthanasia of young-at-foot did not account for any of the 
variance in intentions. It is possible that harvesters believe that decisions to euthanase young-at-foot 
are largely under their control and that external factors do not prevent them from intending to 
euthanase young-at-foot. 

Past behaviour also emerged as a significant predictor of harvesters’ intentions, suggesting that 
harvesters that are already in the habit of euthanasing young-at-foot intend to continue to do so. 

Another aim of the study was to determine if specific additional variables could further predict or 
explain harvesters’ intentions to euthanase young-at-foot. Although additional variables are 
sometimes included within the TPB model in an attempt to improve predictability, in the current 
study, none of the additional variables tested (i.e. age of harvester, nights per week harvesting, animal 
attitude score, kangaroo biology knowledge, code knowledge) independently predicted harvester 
intentions over and above the influence of the TPB variables (attitude and subjective norm) and past 
behaviour. 

As well as examining the influence of general measures of attitude, perceived norm and perceived 
behavioural control on intention, to help us to understand the factors underlying these measures, we 
also explored the most important salient (or directly accessible) behavioural, normative and control 
beliefs. We found that the participating harvesters believe that euthanasing young-at-foot reduces joey 
suffering, that government kangaroo management agencies and farmers/graziers approve of them 
doing it (but animal protection groups do not) and that the greatest limiting factor preventing them 
from euthanasing young at-foot is that they escape. 

Despite harvesters having a positive attitude towards euthanasing young-at-foot and believing that 
they have volitional control over performing it, based on our limited observational data, there appears 
to be a discrepancy between the intention to euthanase young-at-foot and carrying out this behaviour. 
Harvesters report a strong intention to euthanase young-at-foot, but this happens only rarely. There 
could be two potential reasons. Firstly, their intentions may actually change (i.e. they can euthanase 
young-at-foot, but for some reason they don’t) or secondly, they may be unrealistic in their judgement 
of how difficult it can be (i.e. they intend to, but are prevented from doing so by factors beyond their 
control). We propose that there is evidence for both reasons; harvesters’ intentions changing as well 
as over-confidence in estimating the control they have over euthanasing young at foot. 

Harvesters believe that a positive consequence of euthanasing young-at-foot is reducing joey 
suffering, but they also strongly believe that a negative consequence of euthanasia is that they take 
away the joeys ‘chance at life’, especially when they appear to be old enough to survive by 
themselves. Sometimes, when filling out a questionnaire (i.e. in a hypothetical situation), people do 
not anticipate the strong emotions that may influence whether or not they perform a behaviour in a 
real situation. It is possible that harvesters could experience strong emotions when faced with killing a 
joey, and these are powerful enough to stop them from doing it. 

Our research has demonstrated that the welfare impact on young-at-foot can be severe when they lose 
their mother. Thus, whenever possible, dependent young-at-foot should be euthanased after their 
mother has been shot so that suffering is minimised.  

We recommend that a strategy is required to educate harvesters about the welfare impact of orphaning 
on dependent young-at-foot. Harvesters need to be encouraged to euthanase young-at-foot and be 
informed about the negative consequences for joeys when they are left to fend for themselves. 

To reduce the suffering of dependent joeys, a consistent message to euthanase them must come from 
all outside influences, but should be especially strong from the management agencies, since harvesters 
are motivated to comply with them the most. 

Harvesters should also be strongly encouraged to read, understand and comply with the National Code 
of Practice for the Humane Shooting of Kangaroos and Wallabies for Commercial Purposes. For this 
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to be most effective, the encouragement (possibly in the form of training, education, compliance 
messages) should come from the kangaroo management agencies. The Code should be reviewed to 
provide more specific instructions on what actions harvesters should take in specific circumstances 
when they encounter young-at-foot. 

From our correlational data, we also observed that full-time harvesters (those that receive most of 
their income from harvesting) have more positive attitudes towards animal welfare and towards 
euthanasing young-at-foot, and they also intend to euthanase young-at-foot more than part-time 
harvesters. To create a more humane kangaroo industry, and to encourage professionalism and 
motivation to improve the welfare of harvested animals, the kangaroo industry should be promoting 
the full-time participation of harvesters, rather than part-time. 

Older harvesters also had a more positive attitude toward euthanasing young-at-foot compared with 
younger harvesters. A mentoring program, whereby skilled and experienced older harvesters train 
younger inexperienced harvesters, may also contribute to a workforce which is more driven to 
improve animal welfare. 

General public survey 

To determine the attitudes and perceptions of the general public towards kangaroos and their 
management we used a web-based survey to collect data from a representative sample of Australians 
aged 18 years and older. 

The results indicate that the general public has a strong positive affective association with kangaroos. 

Rating of kangaroo management methods 

Commercial harvesting 

Commercial harvesting by professional shooters was considered to be an acceptable method of 
managing kangaroos by the majority of participants (69%). Most participants (63%) also viewed 
commercial harvesting as either ‘slightly humane’ or ‘very humane’. Commercial harvesting was 
viewed as being effective at preventing damage from overgrazing with the majority (75%) 
considering it ‘effective’ or ‘very effective’. 

Shoot and let-lie by professional shooters 

In contrast to the beliefs held toward commercial harvesting, when professional shooters do not use 
the carcass, only 22% of participants thought that the method was ‘slightly acceptable’ or 
‘acceptable’. The majority of participants viewed this type of management as ‘slightly inhumane’ or 
‘inhumane’ (60%) and only 21% believed it to be either ‘slightly humane’ or ‘humane’. Forty seven 
per cent of participants thought that shoot and let-lie by professional marksmen was either ‘effective’ 
or ‘very effective’ at reducing the overgrazing impacts of kangaroos. 

Shoot and let-lie by non-professional shooter 

The overwhelming majority of participants (83%) viewed shooting by non-professional marksmen as 
either ‘very unacceptable’ or ‘slightly unacceptable’. Participants believed that non-professional 
shooting was either ‘very inhumane’ (68%) or ‘slightly inhumane’ (18%). Forty-one per cent of 
participants thought that shooting by non-professionals was not effective at reducing overgrazing 
impacts. 

Capture followed by euthanasia 

Forty-nine per cent of participants believed that this method was either ‘slightly acceptable’ or 
‘acceptable’. This method was also considered to be either ‘slightly humane’ or ‘humane’ by 55% of 
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participants. Capture followed by euthanasia was thought be effective at reducing the grazing impacts 
of kangaroos, with 65% of participants indicating that it was either ‘effective’ or ‘very effective’. 

Capture followed by translocation 

The majority (70%) believed that it was either ‘slightly acceptable’ or ‘very acceptable’ and most also 
considered it to be either ‘slightly humane’ or ‘very humane’ (76%). There was less support for 
translocation being an effective method of management with only 49% considering it either 
‘effective’ or ‘very effective’. 

Fertility control 

Fertility control was viewed as a ‘slightly acceptable’ or ‘very acceptable’ method of management by 
64% of participants. Most participants believed it to be a humane method, with 34% regarding it as 
‘slightly humane’ and 31% as ‘very humane’. Fertility control was believed to be effective, with 65% 
of participants indicating that it was either ‘effective’ or ‘very effective’. 

Exclusion from water points 

Most participants thought that excluding kangaroos from water points was either ‘slightly 
unacceptable’ (28%) or ‘very unacceptable’ (38%). A clear majority believed exclusion from water to 
be inhumane, with 54% considering it to be ‘very inhumane’ while a further 26% thought it was 
‘slightly inhumane’. Only 36% thought that it was an effective method of managing kangaroo 
impacts. 

Exclusion fencing 

Exclusion fencing was thought to be an acceptable method of managing kangaroos by 51% of 
participants. Forty-nine per cent of participants viewed it as either ‘slightly humane’ or ‘very 
humane’. Just over half of the participants (52%) considered exclusion fencing as an effective form of 
managing the grazing impacts of kangaroo. 

‘Do nothing’ – no management 

Deciding to do nothing and allow kangaroos to live without intervention was viewed as either 
‘slightly acceptable’ or ‘very acceptable’ by 28% of participants. Most participants were undecided if 
doing nothing was humane, with 30% considering it to be either ‘slightly humane’ or ‘very humane’. 
Most participants (64%) viewed doing nothing as either ‘ineffective’ or ‘very ineffective’. 

Knowledge about kangaroos 

The participants answered, on average, about half of the questions correctly (48%). The results 
indicate that there is scope for improving general knowledge of the biology and ecology of kangaroos 
in the general community. 

Attitudes towards different methods of killing 

The participants made a clear distinction in their affective attitudes regarding the three different 
methods of killing. The participants rated ‘Shooting’ and ‘Capture followed by lethal injection’ 
similarly for most adjective pairs. In contrast to the similarity between these two methods, ‘blunt 
trauma’ was given an average rating of 1.96, far below both ‘shooting’ and ‘capture followed by 
lethal injection’. 

The affective ratings indicate that the general public view the killing of kangaroos by either shooting 
or lethal injection as similar, and did not view these methods positively or negatively. The view of the 
general public toward blunt trauma could be categorised as strongly negative. 
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The results of the survey indicate that the general public’s attitudes toward kangaroo management and 
acceptance of lethal control to manage kangaroos would be assisted by education derived from 
scientific studies on kangaroo ecology, biology and welfare. Additionally, the ideas of animal 
protection groups that criticise the kangaroo harvesting industry as an unsustainable and cruel industry 
are not supported by the majority of the general public, who see commercial harvesting of kangaroos 
as acceptable, effective and humane.
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Introduction 
In Queensland, New South Wales, South Australia and Western Australia kangaroos are 
commercially harvested for their meat and skin. The harvest is monitored through a combination of 
shooter records (species harvested, number, sex, weight and location) and population surveys. The 
annual commercial harvest of kangaroos is determined by a quota that uses a population tracking 
strategy (Pople 1996). The quota is not fixed but set between 15–20 % of the population size, which is 
determined from aerial surveys. Environmental conditions and population trend also influence the 
setting of the quota. The quota is set as a safeguard against commercial over-exploitation. The use of 
these population and harvest statistics allows monitoring of population trend and determining the 
extent to which the current quota is fulfilled. 

Animal welfare issues surrounding the commercial harvesting of kangaroos have generated debate for 
many years. Despite a review in 2008 of the National Code of Practice for the Humane Shooting of 
Kangaroos and Wallabies for Commercial Purposes, there is still controversy regarding the 
humaneness of methods of euthanasia of dependent young. In addition, a recent working paper (Ampt 
& Owen 2008) highlighted that the welfare of harvested kangaroos was still a significant issue to 
consumers. A survey by RSPCA Australia (2002) of kangaroo shooting code compliance concluded 
that research urgently needs to be conducted into the most humane methods of disposing of pouch 
young and dependent young-at-foot. Given the importance of welfare to the general public, this issue 
required addressing. 

In this project, we proposed to address two key issues; evaluation of the humaneness of current 
methods of euthanasia of pouch young, and determining the fate of orphaned young-at-foot that 
escape euthanasia. Also, following a recommendation from RSPCA Australia, we trialled the use of a 
captive-bolt device to determine if improvements to the welfare of euthanased dependent young can 
be further achieved. Furthermore, we gained an understanding of the basis of stakeholder attitudes and 
how they may influence behaviour. Together, this information was used to suggest improvements, 
where necessary, to current practices and to educate stakeholders and the general public.  

Project background 
For many people in today’s society the use and management of animals is acceptable provided that 
such management is humane and therefore does not cause unnecessary pain and suffering. The 
commercial harvesting of kangaroos is seen by many as an efficient, sustainable and environmentally-
friendly industry. However, there is still concern that some aspects of kangaroo harvesting are not 
humane, particularly the euthanasia of pouch young and young-at-foot. This concern has been voiced 
by a range of stakeholders including animal welfare organisations, animal rights groups, as well as the 
general public. In 1985, RSPCA Australia presented a report (RSPCA Australia 1985) on the 
incidence of cruelty to kangaroos to the Australian National Parks and Wildlife Service. This report 
recommended that research be undertaken to determine the most humane method of killing pouch 
young after the mother has been shot. In addition, the report recommended the trialling of a captive-
bolt stunning gun as a potential method of killing pouch young. The current project is the first attempt 
to directly address these recommendations.  

Another report detailing the extent of compliance with the requirements of the National COP for the 
Humane Shooting of Kangaroos and Wallabies was prepared by RSPCA Australia for Environment 
Australia in 2002 (RSPCA Australia 2002). In this report, the fate of pouch young and young-at-foot 
after a female is shot was also highlighted as a significant welfare issue. The report recommended that 
specific research into methods of killing pouch young was required, as well as guidance on what 
constitutes appropriate action for young-at-foot that may still be dependent on their mother. The need 
for research to determine if young-at-foot could survive without their mothers has also been identified 
by scientists (Pople & Grigg 1999). 
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A review paper, Euthanasia of Kangaroo Pouch Young, Dependent Joeys and Young at Foot, was 
completed in 2006 by Dr Paul Hopwood. This report was commissioned by the then Commonwealth 
Department of Environment and Heritage, but was not published and remains unavailable in the 
public domain. The Department of Environment, Water, Heritage and the Arts (DEWHA) stated that 
although some relevant parts of the review were extracted for inclusion in the two new National 
COP’s, the report was not released publicly because it was not considered detailed enough for such an 
important issue. Much of the Hopwood review was the subjective opinion of the author and did not 
include a full review of available scientific literature. For example, in the sections on clubbing and 
shooting, there is no reference to any research involving the use of these techniques on wild, 
domesticated or captive animals, yet there exists numerous studies that have examined the impacts of 
these techniques, especially in farm animals. Also, since the review was a desktop study, it did not 
provide the kangaroo-specific data that is required for an objective evaluation of humaneness. 

The National COP for the Humane Shooting of Kangaroos and Wallabies for Commercial Purposes 
recommends that shooters should avoid shooting female kangaroos where it is obvious that they have 
pouch young or dependent young-at-foot, and describes methods for euthanasing pouch young and 
young-at-foot. For small furless pouch young, either (1) a single forceful blow to the base of the skull 
to destroy the functional capacity of the brain or, (2) stunning, followed by decapitation are 
recommended. Specific guidelines on animal euthanasia (e.g. the AVMA Guidelines on Euthanasia) 
state that a blow to the head can be a humane method in neonatal animals with thin craniums, 
provided that the personnel performing the technique are properly trained and monitored for 
proficiency. However, the humaneness of these methods is often questioned by society and especially 
animal protection groups with some maintaining that they are brutal and cruel and therefore not 
acceptable (e.g. Viva!2, Animals Australia3 ). RSPCA Australia has also expressed concern that there 
has been no research undertaken to determine the most humane methods for the euthanasing of joeys 
(RSPCA Australia 2002).  

The Code states that young-at-foot should be euthanased with a single shot to the brain or heart using 
a firearm. This is also seen as problematic since dependent young that are out of the pouch when their 
mother is shot may not be seen by the shooter or they may flee before the shooter can deliver an 
accurate shot. With the exception of the current project, there have been no studies to determine the 
fate of orphaned kangaroo young, but some are likely succumb to predation, dehydration or starvation 
(RSPCA Australia 2002). The current project used a controlled experimental design to determine the 
fate of young-at-foot, in the first few days following an abrupt and permanent separation from their 
mother. 

During this project, some processors made the decision to only harvest male kangaroos. Further 
research is required to determine the long term impact of this practise. 

It is becoming increasingly relevant to the study of animal welfare to understand the basis and nature 
of peoples’ attitudes towards animals. The view held by psychologists is that our attitudes tend to 
direct our behaviours, or at least our intended behaviour. At an individual level, negative attitudes to 
animals are associated with less humane behaviour towards them. For example, research in a number 
of livestock industries has shown that stockpersons with negative attitudes towards animals have more 
negative interactions with them, and this in turn has detrimental effects on the animal’s welfare and 
productivity (Hemsworth & Coleman 2010). In society, positive changes in people’s attitudes are 
usually behind improvements in animal welfare legislation and public policy and it is thought that 
providing scientific data is not sufficient to bring about improvements in animal welfare unless it 
resonates with public attitudes and values (Serpell 2004). Understanding and improving attitudes 

                                                      

2 See http://www.savethekangaroo.com/ 
 
3 See http://www.animalsaustralia.org/features/kangaroo_code_sanctions_cruelty.php 
 

http://www.savethekangaroo.com/
http://www.animalsaustralia.org/features/kangaroo_code_sanctions_cruelty.php
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towards animal welfare is therefore an essential first step in changing or influencing behaviour and 
thus improving interactions with animals.  

One of the aims of this project was to examine the specific attitudes of a range of stakeholders 
towards animal welfare and humane killing. The Ampt and Owen’s (2008) report on the attitudes of 
consumers towards kangaroo meat revealed that animal welfare is a significant issue for consumers, 
and recommended that further targeted research be carried out on the relationship between beliefs, 
attitude and behaviour and their impact on how animals are husbanded, harvested, transported and 
slaughtered. To implement improvements with shooters and to educate the public on animal welfare 
issues it is essential to know what key attitudes and beliefs should be targeted. 
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Objectives 
The overarching project objective was to provide scientific knowledge and other information on the 
animal welfare impact of kangaroo harvesting methods, with the aim of determining the most 
appropriate euthanasia methods for young kangaroos which reduce, as much as possible, unnecessary 
pain, distress and suffering. 

This objective was achieved by:  

1. Reviewing the literature, with an emphasis on current understanding of acceptable methods of 
euthanasia. The review will aim to address issues that were not covered adequately by the 
2006 Hopwood report, and will include current information on the development of conscious 
perception of pain and the implications for humane killing 
 

2. Determining the humaneness of current methods used to euthanase pouch young and young-
at-foot including decapitation and a heavy blow to head; 
 

3. Comparing currently used methods of stunning with a spring-operated captive-bolt gun that 
has the potential for use in the field by kangaroo harvesters 
 

4. Determining the fate of orphaned young-at-foot that escape capture 
 

5. Evaluating the attitudes of commercial kangaroo harvesters as well as the general public and 
other interested parties toward animal welfare and humane killing 
 

6. Making recommendations to the kangaroo industry and Government management agencies to 
improve the welfare of euthanased pouch young and orphaned young-at-foot 
 

7. Provide information for education of the general public. 
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Euthanasia methods for kangaroo young 
Introduction 
In today’s society, there is an ever increasing awareness of animal welfare in all areas of human use 
and one area in particular—the euthanasia of animals—receives much concern (Rollin 2009). 
Consider the recent examples of cattle being slaughtered in Indonesian abattoirs (Ferguson & Doyle 
2011) and turkeys in Australia (Levy 2013), and the public outcry after witnessing footage of these 
animals being killed. This concern about how the lives of animals are ended by humans also extends 
to the euthanasia of kangaroo young during commercial harvesting. Animal welfare organisations 
(e.g. RSPCA Australia 1985, RSPCA Australia 2002), animal rights groups (e.g. Voiceless undated, 
Animals Australia undated) as well as the general public have voiced their concern, and in some cases 
outright disgust (Holland 2009), about the current methods used to kill dependent joeys.  

In 1985, RSPCA Australia outlined a number of their concerns relating to kangaroo culling in a report 
on the incidence of cruelty to kangaroos presented to the Australian National Parks and Wildlife 
Service (RSPCA Australia 1985). Although the authors of this report did not consider the despatch of 
pouch young by a sharp blow to the head or by decapitation to be a cruel act, they did recommended 
that research be undertaken to determine the most humane method of killing pouch young after the 
mother has been shot. Also, the use of a captive-bolt stunning gun was suggested as a potential 
method of killing pouch young. Another report detailing the extent of compliance with the 
requirements of the National Code of Practice for the Humane Shooting of Kangaroos and Wallabies 
was prepared by RSPCA Australia for Environment Australia in 2002 (RSPCA Australia 2002). In 
this report, the fate of pouch young and young-at-foot after a female is shot is also highlighted as a 
significant welfare issue. The report also recommended that specific research into methods of killing 
pouch young is required as well as guidance on what constitutes appropriate action for young-at-foot 
that may still be dependent on their mother.  

In this chapter, we present the results of a study to evaluate the humaneness of the methods currently 
used by harvesters to euthanase pouch young and young-at-foot. We report our observations of 
harvesting practices and discuss the welfare impact of these methods on kangaroo young. We also 
suggest areas where improvements could be made. To assist with the interpretation of these results 
and to put them into context we first present background information on the developmental stages of 
kangaroo young and summarise recent research that sheds light on when kangaroo young may 
develop sentience. 

Development of kangaroo young 

Important to the evaluation of euthanasia methods during harvesting is an understanding of the 
development of kangaroo young. When adult females are shot, harvesters will encounter young at 
different stages of development. Over two-thirds of females will have a joey at some stage of 
development in the pouch and one in five will have a young-at-foot (Frith & Sharman 1964; Sharman 
& Pilton 1964). Some methods of euthanasia may be appropriate for unfurred in-pouch joeys, but they 
may not be suitable for older, fully furred joeys. 

Kangaroos produce a single, immature young which is carried deep in a pouch (or marsupium) until it 
is well furred and capable of independent locomotion (Russell 1984). Prior to giving birth, the female 
cleans inside her pouch and adopts a posture whereby the urogenital opening is directed upwards and 
closer to the pouch. At birth, the young makes its way from the urogenital opening to the pouch by 
independent movement. The mother may aid this process by licking the fur around the urogenital 
opening, which also may break the umbilical cord and release the young from the amnion (Merchant 
& Sharman 1966; Sharman & Calaby 1964). The young crawls upwards towards the pouch by 
grasping the fur in its claws using alternate movements of the forelimbs with the time taken to the 
reach the inside of the pouch, no more than five minutes (Tyndale-Biscoe 1973).  
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After birth there is a period of permanent attachment to the teat, which is followed by a period of 
intermittent attachment, during which the young develops to a stage where it is fully-furred and its 
eyes are open. It then starts to leave the pouch, but only for brief periods. Later, when the young has 
permanently left the pouch, it still follows its mother, at least until weaning (Russell 1973, 1989). For 
red kangaroos, euros and wallaroos, the period of dependence is over a year, which includes eight to 
nine months in the pouch and at least three to four months as a young-at-foot before weaning is 
complete. Eastern and western grey kangaroo young spend at least 12 months in the pouch and around 
six months as a young-at-foot, before being weaned (Dawson 1995). 

An overview of the developmental stages of kangaroos and relevant behaviour of mother and young is 
provided below in Table 1. Much of this information is taken from Russell (1989) and (1973). In 
Table 2, we present a summary of the approximate length of developmental stages in different species 
of kangaroo. 
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Table 1 Developmental stages of kangaroo young 

 In pouch In and out of the pouch Young-at-foot 
 

Birth to start of 
developing fur 

Developing fur to fully 
furred and head 
occasionally out of 
pouch 

First emergence from the pouch to 
permanent emergence  

Permanently emerged from 
the pouch to weaning 

Post-weaning 

Behaviour of mother 
 

Mother cleans the 
pouch prior to birth 
and when a young is 
in the pouch. 

Mother continues to keep 
the pouch and young 
clean by licking them to 
remove urine and faeces. 

Mother continues to groom the pouch and 
groom the young – when it is inside the 
pouch and also when it is out. She mostly 
controls when the young leaves the pouch 
and when it returns but there is close co-
ordination of behaviour between the mother 
and young – with periods of suckling, 
entering and leaving the pouch and the 
young following the mother. 
 
Communicates with young using clucking 
vocalisations – used especially to call young 
back into pouch e.g. in response to an 
alarming situation. 
 

Continues to suckle the 
joey. Females with young-
at-foot are likely to be 
more isolated from other 
females and have smaller 
home ranges. 
 
Weaning results largely 
from the lack of 
cooperation from the 
mother. 

Continues to 
associate with 
young i.e. lives 
in the same 
area, non-
agonistic 
interactions with 
daughters. 

Behaviour and appearance 
of young 
 

Young entirely within 
the pouch all of the 
time. The body is 
furless and the eyes 
are closed. 
 
In red kangaroos, 
movements of the 
young are first seen at 
around 8 weeks. 

The eyes have opened 
and the head is 
occasionally out of the 
pouch (in red kangaroos, 
the head is first seen out 
of the pouch at around 21 
weeks). 
 
The fur is starting to 
spread over the body (in 
red kangaroos this starts 

The body is completely covered with hair 
and there is dirt ingrained in the pads and 
nails of the hind feet (i.e. the joey has stood 
on the ground). 
 
The first excursions from pouch are usually 
accidental during pouch cleaning by the 
mother.  
When out of the pouch the young is largely 
responsible for maintaining proximity to its 

The young is much more 
independent and leaves its 
mother for longer periods.  
 
It is the joey that is 
responsible for 
maintaining proximity to 
its mother – it will 
approach her more often 
than she approaches it 

Sub-adult males 
disperse from 
mother’s home 
range 1-2 years 
after weaning.  
 
Sub-adult 
females remain 
in their mothers’ 
home range 
areas until 
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 In pouch In and out of the pouch Young-at-foot 
 

Birth to start of 
developing fur 

Developing fur to fully 
furred and head 
occasionally out of 
pouch 

First emergence from the pouch to 
permanent emergence  

Permanently emerged from 
the pouch to weaning 

Post-weaning 

 
The young is 
continuously attached 
to the nipple for the 
first 17-19 weeks. 

at around 13 weeks). 
 
Activity of young 
gradually increases as it 
grows. 
 
Time with head outside 
pouch increases. 
 
 
 
 

mother. The distance between mother and 
young gradually increases as time spent out 
of the pouch increases. Young re-establishes 
contact with mother using loud, harsh 
coughing vocalisations. 
Initially spends a lot of time crouched with 
its head in its mother’s pouch, sometimes 
suckling but may also be seeking contact 
with mother.  
Play behaviour with mother begins to occur, 
this is generally play- fighting or sparring 
with fast running - were the joey dashes 
away from the mother and then back to her. 
 
 

The joey returns to mother 
when alarmed and to 
suckle.  
 
Younger young-at-foot 
follow mother and rests 
and forages with her. Older 
young-at-foot still rest 
with mother during periods 
of inactivity during day but 
often forage a distance 
away from her at night. 
 

sexual maturity 
and beyond. 
They rarely 
disperse very 
far, giving rise 
to kin groups of 
females (termed 
matrilines). 
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Table 2 Approximate length of each developmental stage in different kangaroo species 

 In pouch In and out of the pouch Young-at-foot 
 

In pouch In and out of 
the pouch 

 Birth to start of 
developing fur 

Developing fur to fully 
furred and head 
occasionally out of 
pouch 

First emergence from the pouch to 
permanent emergence  

Permanently emerged from 
the pouch to weaning 

Post-weaning 

Reda 

(Macropus rufus) 
Birth to 13 weeks  13 to 27 weeks 

 
 

27 to 33 weeks 33 weeks to around 12 
months 
 
Bodyweight at weaning 
10-12kg 

>12 months 

Eastern Greyb 

(Macropus giganteus) 
Birth to 27 weeks 27 to 40 weeks 40 to 46 weeks 46 weeks to around 18 

months 
 
Bodyweight at weaning 
10-12kg 

>18 months 

Western Greyb 

(Macropus fuliginosus) 
Birth to approx. 27 
weekse 

Approx. 27e to 43 weeks 43 to 46 weeks 46 weeks to around 18 
months 

>18 months 

Euroc,d 

(Macropus robustus 
erubescens) 

Birth to approx.13 
weeksf 

Approx. 13f to 28 weeks 28 to 35 weeks 35 weeks to 12-14 months >12-14 months 

Eastern Wallarooc 

(Macropus robustus 
robustus) 

Birth to approx.13 
weeksf 

Approx. 13f to 28 weeks 28 to 37 weeks 37 weeks to 12-14 months >12-14 months 

a(Sharman, Frith, & Calaby 1964)(Sharman & Calaby 1964); (Russell 1973);(Russell 1989) 
b(Poole 1975) 
c(Poole & Merchant 1987) 
d(Ashworth 1995) 
e onset of fur development estimated from eastern grey data 
f onset of fur development estimated from red kangaroo data 
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Figure 1 Western grey kangaroo joey at unfurred in pouch stage 

 

 

Figure 2 Eastern grey kangaroo joey at partially furred in pouch stage (Source 
J.Lindsay, PhotoBucket) 
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Figure 3 Western Grey kangaroo joey at in and out of pouch stage –out of pouch 

 

 

Figure 4 Western Grey kangaroo joey at in and out of pouch stage – head in pouch 
(same joey as in Figure 3) 
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Figure 5 Western Grey kangaroo joey at in and out of pouch stage –in pouch (same 
joey as in Figure 3 and 4) 

 

 

Figure 6 Red kangaroo joey at young-at-foot stage 
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Neurological development and onset of sentience 

The age or stage of development of the kangaroo joey is an important criterion to consider 
when deciding on the most effective and humane method of euthanasia. There is strong 
evidence from studies of the electrical activity in the brain of tammar wallabies (Macropus 
eugenii eugenii) to suggest that marsupial young that have not yet developed fur and still have 
permanently closed eyelids do not yet have a sufficiently mature neurological system to 
consciously experience pain (Diesch et al. 2010). 

For an animal to experience the sensation of pain and for it to suffer, two requirements must 
be met (Mellor & Diesch 2006). First of all, it must be sentient. From a physiological 
perspective this means that its nervous system has developed sufficiently to relay sensory 
inputs from internal and external stimuli to the higher centres of the brain and the brain is 
sophisticated enough to transform those signals into perceived sensations. Secondly, the 
animal must be conscious, that is, in a functional state that allows the animal to perceive 
sensations. If it is unconscious, it won’t perceive the sensory input. For an animal to suffer, 
the character, intensity and/or duration of the sensations it perceives must result in 
significantly noxious or aversive experiences. 

Although the overall pattern of neurological development is similar in different species of 
mammals, it is the timing of when birth occurs that determines whether animals are born 
relatively mature (e.g. sheep, horses, cattle and other ungulates), moderately immature (e.g. 
mice, rats, cats, dogs) or extremely immature (e.g. marsupials) (Diesch et al. 2008). In 
neurologically mature animals, such as lambs, conscious perception or awareness develops 
soon after birth, when breathing oxygenates the newborn sufficiently to remove the inhibitors 
of brain function (Mellor & Diesch 2006). In moderately immature animals, such as rats, 
conscious perception (as evidenced by a change from an isoelectric to prolonged periods of 
activity on EEG) does not start to develop until 12-14 days after birth (Diesch et al. 2009) . In 
extremely immature animals, the marsupials, the period between birth and onset of conscious 
perception is much longer since most of their neurological development occurs while they are 
in their mother’s pouch. 

To determine the age at which conscious sensory perception commences in tammar wallaby 
joeys, baseline electroencephalographic (EEG) activity and also EEG responses to noxious 
stimulation (toe clamping) in lightly anaesthetised joeys of various ages have been studied 
(Diesch et al. 2010). Joeys less than 127 days (18 weeks) old showed little or no EEG activity 
and there was no response to noxious stimuli in joeys aged 94-127 days. Prolonged periods of 
spontaneous EEG activity were present by 142 days (20 weeks). There was a marginal 
response to noxious stimulation in joeys aged 142-181 days and a greater response in joeys 
aged between 187 and 261 days. 

The EEG became continuous by about 150-160 days, with behavioural signs of conscious 
awareness by about 160-180 days. This means that wallaby joeys are not capable of conscious 
perception and therefore cannot experience pain before around 127 days after birth. From 
160-180 days, we would expect that joeys can experience pain and will suffer if it is noxious 
enough. The period between 120 days (17 weeks) and 160-180 days (23- 26 weeks) days is 
when major developmental changes occur in the nervous system and it is during this time that 
development of conscious perception gradually occurs. The onset of sustained EEG activity 
coincides with growth of the pelage (fur) and eye opening (Diesch et al. 2010). 

Studies of behaviour have shown the same gradual pattern of development observed in young 
tammar wallabies also occurs in red kangaroo joeys (Russell 1973). Since the onset of brain 
electrical activity (and therefore sentience) in tammar wallabies occurs around the same time 
that fur starts to develop and the eyes open, it is likely that the situation would be similar in 
other  
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Macropodidae. Until research has been done to directly examine the timing in different 
species, we can only assume that the approximate onset of brain activity in the main harvested 
species occurs when they first start to develop fur (see Table 2). 

Kangaroo harvesting and the Code of Practice 

A condition of a harvester’s licence is that they must comply with the National Code of 
Practice for the Humane Shooting of Kangaroos and Wallabies for Commercial Purposes 
(Anon 2008) (hereafter referred to as the Code). The Code states that all shot female 
kangaroos (including those that are euthanased due to sickness or injury) must be examined 
for pouch young. If present, small, furless pouch young (that fit within the palm of the hand) 
must be euthanased using either a “single forceful blow to the base of the skull sufficient to 
destroy the functional capacity of the brain” or by “stunning, immediately followed by 
decapitation by rapidly severing the head from the body with a sharp blade”. If the pouch 
young are furred, they must be killed by a “single forceful blow to the base of the skull 
sufficient to destroy the functional capacity of the brain”. The code also states that if young-
at-foot are present, they must be euthanased using a “single shot to the brain or heart where it 
can be delivered accurately and in safety”. 

Although it is not stated in the Code which specific references were used in its preparation, it 
is likely that the recommendations are based on authoritative guidelines on euthanasia, such 
as those published by the Australian and New Zealand Council for the Care of Animals used 
in Research and Teaching (ANZCCART 2001), the American Veterinary Medical 
Association (AVMA 2007) and the Canadian Council on Animal Care (CCAC 1980). The 
aim of these documents is to give guidance on how to reduce pain and suffering in animals 
that are to be euthanased. The recommendations are based on currently available scientific 
information with an emphasis on methods that can be used on domestic or captive animals 
particularly in a laboratory setting. Although they are mostly aimed at veterinarians who carry 
out euthanasia or oversee it, some of the information is also applicable to non-veterinarian 
operators working with free-ranging animals in field situations. The AVMA guidelines 
contain a small section on wildlife euthanasia but it does not (and it would be very difficult 
to) include all euthanasia methods and agents for every species and every situation, thus 
species-specific research and guidance is lacking for many wild animals including kangaroos. 

The Code has been described as “…an achievable minimum standard of humane conduct in 
regard to the shooting of kangaroos and wallabies” (Department of Sustainability, 
Environment, Water, Population and Communities 2011), yet there has been little scrutiny of 
how harvesters interpret and apply the practices prescribed in the Code. There were anecdotal 
reports of how harvesters’ euthanase kangaroo young but, before the current study, no 
research had been carried out to determine the humaneness of the methods used.  

What makes a good euthanasia method? 

The word euthanasia means a ‘good death’ and when used with regard to animals usually 
refers to the means by which an animal is killed rather than the reason for killing it (Morton 
2010). A good method of euthanasia will cause a rapid loss of consciousness (or 
insensibility), with a minimum of pain, fear, discomfort or distress. This should always be the 
primary concern. However there are other secondary characteristics that are relevant to 
choosing the most appropriate euthanasia method. These include: practicality, psychological 
effects on the operator, effects on observers and the ease of using the method (Rollin 2009). 
Methods should also be appropriate for the species, age and health status of the animal 
(CCAC 2010). Other criteria, such as safety of personnel, compatibility with intended use or 
purpose, drug availability, legal requirements, impact on the environment and on non-target 
animals such as scavengers are also sometimes used when evaluating the acceptability of 
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different euthanasia methods (ANZCCART 2001, CCAC 2010, AVMA Panel on Euthanasia 
2013). 

Methods of euthanasia fall into two broad categories: chemical (including inhalant and non-
inhalant agents) and physical. These methods may cause death by three basic mechanisms: 

1. Hypoxia, direct or indirect 
2. Direct depression of neurons vital for life functions; and 
3. Physical destruction of brain activity and destruction of neurons vital for life. 

Euthanasia should result in rapid loss of consciousness, followed by respiratory and cardiac 
arrest and ultimate loss of all brain function (CCAC 2010). Unconsciousness refers to loss of 
awareness and occurs when the brain’s ability to integrate information is blocked or disrupted 
and the individual is unable to respond to normal stimuli, including pain. Anaesthetics 
produce unconsciousness either by preventing integration (blocking interactions among 
specialised brain regions) or by reducing information (shrinking the number of activity 
patterns available to cortical networks) received by the cerebral cortex (AVMA Panel on 
Euthanasia 2013). Physical methods of euthanasia (such as gunshot, captive-bolt, blunt 
trauma to the head) that destroy or render non-functional the brain regions responsible for 
cortical integration produce instantaneous unconsciousness (AVMA Panel on Euthanasia 
2013). 

Methods to assess unconsciousness or insensibility and brain death after stunning and 
euthanasia include the electroencephalogram and evoked potentials which measure brain 
activity; brain stem reflexes (e.g. corneal and palpebral reflexes); spinal reflexes (e.g. 
response to painful stimuli) and other behavioural measures such as jaw and muscle tone 
(Erasmus et al. 2010c). Determining onset of unconsciousness can be difficult and it is best to 
measure a number of different criteria. Signs of unconsciousness can vary with the species 
and method used. For example, in cattle that have been stunned with a captive-bolt device 
there is usually immediate collapse followed by a period of tetanic spasm, however this does 
not occur with all species. On the other hand, with exposure to gas mixtures, collapse may not 
be immediate and more progressive postural changes are seen. With electrical stunning tonic 
and clonic seizures occur and the pupils become dilated.  

Whenever euthanasia is performed it is essential to be able to evaluate unconsciousness, 
confirm death and to determine if an animal is regaining consciousness when the method has 
not been successful. Measuring brain activity with EEG or evoked potentials is impractical 
under field conditions but eye reflexes and reactions to painful stimuli can easily be tested and 
evaluated in combination with resumption of rhythmic breathing and righting reflexes 
(attempting to recover a normal body position) to assess the effectiveness of stunning.  

In the next section— evaluating the humaneness of kangaroo young euthanasia methods—we 
have attempted to balance the ideal of minimal pain and distress with the reality of the 
environment in which the euthanasia is performed.  

Evaluation of currently used methods: How do harvesters 
euthanase kangaroo young? Observations from the field 

Materials and methods 

During the period from October 2011 to February 2013, we made observations of harvesters 
in New South Wales and Queensland. We accompanied a total of 14 kangaroo harvesters on 
15 different nights to make behavioural and procedural observations and collect specific 
information on the euthanasia of kangaroo young during harvesting operations. One of the 
harvesters was observed on two separate occasions. 
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The number of harvesters willing to participate in the research was disappointingly low. 
Despite offering an incentive (a $50 gift card from a national retail group) and assurance that 
confidentiality would be maintained, most harvesters were not willing to participate. Due to 
privacy laws, we could not directly contact harvesters so tried to recruit them via State 
government kangaroo management agencies. All harvesters on the NSW database were 
initially sent information on the project (in conjunction with correspondence concerning their 
annual licence renewals) and were asked to contact us if they were interested in participating. 
After a poor response to this request, a further 80 harvesters were contacted again (which 
included being sent a copy of the harvesters questionnaire as reported in Chapter 4. Eighty 
harvesters in South Australia and a further 500 in Queensland were also contacted directly 
about the research (and also sent a questionnaire). Advertisements to recruit participants were 
also placed in regional NSW newspapers in areas where harvesters were known to operate 
and the research was publicised via a local ABC radio news item and a public meeting in 
Broken Hill, Western NSW (which only two harvesters attended). At the start and during this 
project, some of the larger kangaroo processors had given us assurances that they would 
encourage harvesters to participate however we did not see any evidence of this and we had 
even been told by some harvesters that they had been instructed by a processor not to provide 
us with any assistance. 

This project was approved by the University of Wollongong Human Research Ethics 
Committee (HE 10/298) and also the NSW Department of Primary Industries Orange Animal 
Ethics Committee (ORA 10/012). The main observer for the project was a veterinarian with 
specialist qualifications in animal welfare. One of the authors of this report (McLeod) also 
participated in data collection in Queensland. Observations were made by travelling with the 
harvester and making observations from both within and outside of the harvester’s vehicle (or 
‘rig’). Binoculars and a range finder, used in conjunction with the harvester’s spotlight, aided 
the observations. Information was recorded using pencil and paper checklists and open ended 
comments. Digital photos and video recordings were made of some animals and a sample of 
carcasses was collected for post-mortem.  

The following data relating to the euthanasia of young were collected: 

1. Species of kangaroo shot 
2. Whether the pouch of shot females was checked for young 
3. Presence of a long teat in the pouch 
4. Presence of pouch young 

a. Furred or unfurred 
b. Tail length 
c. Euthanasia method used 
d. Time to insensibility (see “Euthanasia of pouch young”) 
e. Time from pouch removal to insensibility 
f. If death was confirmed by harvester after euthanasia 

5. Young-at foot joeys observed 
a. If seen, were they euthanased (and by what method, was death confirmed)? 
b. If seen, what was the young-at-foot’s response (calm, alarmed, escaped, 

vocalising)? 
c. If seen, but escaped did the harvester search or wait so that the young-at-foot 

could be euthanased? 
6. Young-at foot not observed but long teat present 

a. Did harvesters search for young-at-foot so that it could be euthanased? 

Insensibility in joeys was determined by examining the gross damage to the head and 
observing all of the following (where possible): 

• body goes limp 
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• absence of coordinated or purposeful body movements 
• absence of corneal reflex (no blinking in response to touching the cornea) 
• absence of palpebral reflex (no blinking in response to gently tapping the edge of the 

eyelid) 
• absence of pedal reflex (no withdrawal of the foot in response to pinching the toe)  
• absence of vocalisations 

Significance of long teat 

When newborn kangaroo young attach themselves to a teat, they will use that teat exclusively 
until they are weaned (Sharman & Calaby 1964). The teat becomes elongated and the joey 
suckles on the same elongated teat after they have left the pouch. Each teat has its own 
mammary gland that produces the appropriate composition of milk suitable for the 
developmental stage of the joey that is suckling on it. If a female gives birth to a young whilst 
she is still suckling a young-at-foot, then the newborn will attach itself to one of the other 
three unused teats. Once the older young-at-foot is weaned only the mammary gland 
associated with that teat atrophies. Thus, if a female has a small pouch young attached to a 
teat as well as an elongated or long teat, it is very likely that she is suckling a large young-at-
foot. It is unknown how long it takes for the teat to shorten after the young-at-foot is weaned. 

Results 

The total number of adult kangaroos harvested over the 15 nights of observations was 278. Of 
these, 187 were males and 90 were females. This equates to about 30% female, which is close 
to the long-term average in NSW. Sex could not be determined for one kangaroo – it was shot 
and presumed killed, but the carcase could not be located due to thick vegetation. Another 
animal (a female with a large visible in-pouch joey) was wounded but not killed and it 
escaped and could not be found. See Table 3 for breakdown of species. 

Table 3 Numbers and species of kangaroos harvested during observation period 

Sex Species Number 
Female Red 33 
 Eastern grey 55 
 Western grey 2 
Male Red 92 
 Eastern grey 91 
 Western grey 2 
 Wallaroo 2 
Unknown Eastern grey 1 
 Total 278 
 

Of the 90 adult females that were shot, 77 (86%) had a pouch young, 11 had no pouch young, 
and the pouch of one female was not checked. Four of the females that did not have a pouch 
young had a long teat, thus were presumed to have a young-at-foot. No long teat was present 
in the other seven females and no young-at-foot were observed with any of these 11 females. 
Based on the number of long teats, age of in-pouch young and number of observed young-at-
foot we estimated that approximately one-third of the females with a pouch young also had a 
young-at-foot. These numbers are similar to that reported in a study of 2528 mature female 
red kangaroos by (Frith & Sharman 1964). Seventy-nine per cent of these females had pouch 
young, 22% of the females with pouch young also had a young-at-foot and 9% had a young-
at-foot but no pouch young. 
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Euthanasia methods used by harvesters in the field 

Below is a summary of the methods we observed being used to euthanase kangaroo young: 

• Small, furless pouch young (usually <10cm from head to tail) were dealt with using 
one of the following methods:  
• with the very small ‘jelly bean’ size young, whilst they were still attached to the 

teat they were decapitated using a finger and thumb to separate the head from the 
body; or 

• they were removed from the teat then taken out of the pouch and either firmly 
stamped on or decapitated by removing the head from the body with either a 
knife or with the thumb and finger; or 

• if the pouch was not checked and a small furless pouch was present then it was 
left to die attached to the teat whilst still in the pouch. The pouch was then 
removed and discarded as part of the field dressing of the female carcase. 

• Larger furless (usually >10cm from head to tail), partially furred and furred pouch 
young were removed from the pouch and killed by: 
• a single forceful blow to the head. This was done by holding the joey by the 

hindquarters and swinging it in an arc so that its head hit a hard object such as a 
large rock or side of the vehicle tray; or 

• placing on the ground and firmly stomping on the head; or 
• holding by the hindquarters and hitting the head firmly with a heavy object (e.g. 

iron bar); or 
• occasionally larger furred young were left to escape. 

• If young-at-foot were present they were: 
• killed with a gunshot (the one we observed was killed with a shot to the head); or 
• left to escape. 

Euthanasia of pouch young 

Of the 77 pouch young that were observed, 29 (38%) were euthanased using decapitation (or 
cervical dislocation with removal of the head). All of these joeys were unfurred or less than 
10% furred.  

Average age for these was 85 days, the youngest joey was <20 days old and the oldest was 
166 days (an eastern grey kangaroo) (see “Summary statistics: Ageing of red kangaroo, 
eastern grey kangaroo and western grey kangaroo based on head or tail length” for methods 
used for ageing joeys).  

Twenty one joeys (27%) were euthanased with blunt trauma to the head - average age for 
these was 157 days, the youngest was 47 days and the oldest was 290 days. Another 23 pouch 
young (30%) were euthanased using prior stunning with a spring-loaded captive-bolt (as a 
part of a trial to test the effectiveness and humaneness of this device) followed either by 
decapitation, blunt trauma or overdose with barbiturate. The details of these trials can be 
found in Chapter 2. 

One eastern grey male joey was found dead in the pouch when the female was processed 
(estimated age from tail length was 145 days). At post-mortem, numerous contusions and 
haemorrhages were seen over the body and head consistent with injury. It is possible that this 
joey died from being crushed by the female when she fell to the ground after being shot. One 
red kangaroo joey (sex unknown) was taken out of the pouch and, after measurement of tail 
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length, was released by the harvester4. The age of this joey was 228 days. The harvester was 
of the opinion it was old enough to fend for itself. Interestingly, when this harvester 
encountered another joey of a similar age on the same night he did not release it but 
euthanased it. Another furred joey (unknown age but furred) escaped from the pouch before it 
could be euthanased by the harvester. A further in-pouch joey (age unknown) was observed in 
the pouch of the female that was shot and wounded but escaped. Neither the female nor joey 
was found. 

Time to insensibility was not estimated after euthanasia of the unfurred joeys since it is likely 
they are not conscious to begin with. Time to death was also difficult to determine in these 
small animals. The oldest joey killed by decapitation was a 160 day old eastern grey. Fur, and 
thus sentience, starts to develop in this species at around 27 weeks of age (about 189 days), 
therefore this joey was unlikely to be fully sentient. With the joeys killed by decapitation, the 
time from removal from the pouch to when the head was taken off ranged from 0 seconds (i.e. 
done in the pouch) to 4 seconds (average = 0.34 seconds). 

Time to insensibility of all of the partially furred and furred joeys killed by blunt trauma was 
rated by the observer as ‘instantaneous’. With the joeys killed by blunt trauma, the time from 
pouch removal to insensibility ranged from 0 to 10 seconds (average = 4.0 seconds).  

No animal returned to sensibility before death. Actual time to death was not recorded for 
every animal although death of all euthanased joeys was confirmed by the observer (in furred 
and partially furred animals this was done by checking for absence of normal rhythmic 
breathing and absence of heartbeat). In only one case was death confirmed by the harvester. 

A sample of joeys (n=5) killed by blunt trauma to the head were collected for post-mortem 
examination (see Appendix in this chapter). 

Euthanasia of young-at-foot 

Of the 24 young-at-foot that were observed, only one was euthanased by a shot to the head, in 
accordance with the Code. Atypically, this young-at-foot was shot before its mother was shot 
(and she was successfully shot after). Another suspect young-at-foot was shot at twice but 
both shots missed and the animal escaped. On another occasion a harvester considered 
shooting a young-at-foot but believed it to be large enough to survive on its own.  

In all the other instances when a young-at-foot was seen, there was no attempt to euthanase it. 
Fourteen (58%) of the observed young-at-foot responded to the shooting of the female with 
an alarmed flight response whilst 8 (33%) remained stationary and appeared calm. Although 
it may have been possible to shoot the 8 stationary young-at-foot it was not done. Also, when 
the alarmed young-at-foot took flight, none of the harvesters pursued or searched for the 
young-at-foot or waited to see if they would return to the location where their mother was 
shot. If a young-at-foot was not seen, but the female had a long teat indicating she was likely 
to be suckling a young-at-foot, none of the harvesters spent time searching for a young-at-
foot, nor did they wait to see if a young-at-foot returned to the location where the female was 
shot. 

                                                      

4 Note that we were with the harvesters to make observations only and not to intervene if we saw practices not consistent with 
the Code. 
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An evaluation of the humaneness of methods used 

Decapitation and cervical dislocation 

“Stunning, immediately followed by decapitation by rapidly severing the head from the body 
with a sharp blade” is one of the acceptable euthanasia methods listed in the Code for small 
furless pouch young. Thus, the Code states this should be a two-step process: stun first (to 
render the animal unconscious), and then sever the head.  

We observed that small unfurred joeys were killed by separating the head from the body 
whilst the joey was still attached to the teat. This was done by holding the body in the hand 
and quickly flicking the head off using the thumb. Larger unfurred joeys killed by 
decapitation were left in the pouch and a sharp knife was used to sever the head from the 
body. Stunning was never used prior to decapitation.  

Decapitation as a method of animal euthanasia is used mostly in biomedical research on both 
anaesthetised and conscious animals. According to the American Veterinary Medical 
Association (AVMA) Guidelines for the Euthanasia of Animals (AVMA Panel on Euthanasia 
2013) the use of a guillotine (or a sharp blade) to euthanase rodents and small rabbits by 
decapitation is justified where brain tissue is required to be undamaged or uncontaminated by 
chemicals. However, the humaneness of decapitation as a sole euthanasia method is still 
debated (Bates 2010). Some argue that decapitation causes rapid and painless 
unconsciousness (e.g. in rodents see Holson 1992) and the AVMA euthanasia guidelines 
support this view by stating that decapitation appears to induce rapid loss of consciousness. 
The Canadian Council on Animal Care Guidelines on Euthanasia (CCAC 2010) also state that 
decapitation is conditionally acceptable for rodents and birds. There are some recent studies 
to indicate that in some species unconsciousness is rapid. For example, researchers 
conducting a study on rats concluded that in 3–4 seconds after decapitation the animal is 
unconscious, unable to perceive stress and pain (Rijn et al. 2011). However, other experts 
argue that if decapitation is performed without prior concussion to the head, unconsciousness 
is unlikely to be instantaneous (Gregory 2007). A number of studies in a range of species 
have demonstrated that electrical activity in the brain can persist for up anywhere up to 29 
seconds in disembodied heads (Bates 2010). In a study of 3 month old lambs, the time to 
onset of insensibility after decapitation was 8 seconds with the time to onset of isoelectric 
EEG trace (i.e. complete unconsciousness) 20 seconds (Tidswell et al. 1987).  

The controversy surrounding decapitation relates to the interpretation of brain activity and 
whether it indicates that the animal is conscious and capable of perceiving pain in the period 
between decapitation and death.   

With small unfurred joeys, separating of the head from the body using a thumb is a form of 
cervical dislocation rather than decapitation since neither a sharp blade nor guillotine is used. 
In the AVMA Euthanasia Guidelines, cervical dislocation, whereby the cervical vertebrae are 
separated from the skull, is listed as an acceptable method of euthanasia for small birds, 
poultry, mice, immature rats and small rabbits, as long as it is performed by operators with a 
demonstrated high degree of technical competence (AVMA Panel on Euthanasia 2013). There 
are some studies that show that rapid insensibility can be achieved with cervical dislocation in 
some species. For example, in mice cortical function was significantly decreased 5–10 
seconds after dislocation (Cartner et al. 2007) and in rabbits it has been observed to cause 
breathing to stop and corneal reflexes to disappear (Weisbrod et al. 1984). However other 
studies provide evidence that cervical dislocation does not always result in rapid and 
successful euthanasia. For example, in a study using 81 mice, 21% continued breathing after 
dislocation was attempted, although it was uncertain if they were conscious or perceiving pain 
(Carbone et al. 2012). Also, cervical dislocation of seven 3-week old turkeys, did not result in 
immediate insensibility in any of the birds. The nictitating membrane reflex (eye reflex) 
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indicating brainstem function was present for 43 seconds after dislocation (Erasmus et al. 
2010a).  

Thus, it is difficult to draw conclusions regarding the humaneness of cervical dislocation 
since there are contrasting results across (and also within) species. This could be due to the 
different measures of insensibility and effectiveness used in the studies or it might be that 
there are species differences in the response to cervical dislocation (Erasmus et al. 2010a).  

With regard to decapitation or cervical dislocation of kangaroo young, there is only cause for 
concern if the method is used on animals that are conscious and capable of experiencing pain. 
Based on the work done on tammar wallabies by (Diesch et al. 2010) described above, there 
is no significant EEG activity before fur appears. If we are to extrapolate from these data to 
kangaroos, decapitation or cervical dislocation of unfurred kangaroo joeys is unlikely to cause 
pain or distress and thus should be considered an acceptable euthanasia method. Also, these 
animals would not need to be stunned beforehand, contrary to the requirements of the Code. 
However with older furred and partially furred in-pouch joeys that have developed (or are 
developing) sentience, cervical dislocation and decapitation in animals that have not been 
stunned can potentially cause a period of distress and or pain and thus should be considered 
not acceptable. Other methods are available that cause immediate insensibility and are thus 
likely to be more humane. 

If harvesters want to use decapitation (with appropriate equipment, such as a guillotine) or 
cervical dislocation on conscious (i.e. partially furred or furred) in-pouch joeys then research 
to specifically examine the response of kangaroos or wallabies at an equivalent stage of 
development would be required before these methods could be considered acceptable. Time 
to insensibility is ideally estimated with EEG and visual evoked potentials (VEP). The EEG 
provides a gross measure of overall neuronal activity, and VEP’s measure focal cortical 
responses to a specific visual stimulus such as a flash of light. An absolute absence of EEG 
activity or VEP indicates complete unconsciousness to the point of brain death (Cartner et al. 
2007). 

Blunt trauma to the head 

The acceptable euthanasia method for furred pouch young specified in the Code is “a single 
forceful blow to the base of the skull sufficient to destroy the functional capacity of the 
brain”. The Code also states that this method is also acceptable for small furless pouch young, 
but does not specify how the method should be done. 

We observed that harvesters used a few different ways of using blunt trauma to the head of 
young. Most held the animals by the hind legs and swung them in an arc so that their head hit 
the tray of the utility (Figure 7). Some did the same action but hit the head on the bar on the 
top of the utility rack or on a large rock on the ground. Another method was to hold the joey 
by the back legs, so that the head was hanging freely downwards and then hit the head with an 
iron bar. Sometimes the head of the joeys was also stamped on with a foot after hitting the 
joeys head on the utility tray or on a rock. This was done to ensure complete destruction of 
the brain.  

With two joeys, the head came off the body in the action of hitting it on the bar on the top of 
the utility (see Figure 7). The head could not be found with one animal but we were able to 
examine the head of the other. On post-mortem examination, this joey (animal ID 10/36, see 
the Appendix in this chapter for details), had no haemorrhages on the head, there were no 
skull fractures and the brain appeared grossly undamaged. Thus, it appears that this animal 
was decapitated, with the point of impact at the neck rather than the head. Although death 
would have been quick for this animal, it may have taken longer to become unconscious since 
the head was not the point of impact. Another joey that we examined had fractures of the right 
forearm. These injuries are likely to have occurred at the same time as the impact to the head. 
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If this was the case, then the joey is unlikely to have felt pain from the fractures, however it is 
preferable that only the head is hit, not other parts of the body. 

It was also observed that when joeys were held by the back legs and hit on the head with an 
iron bar they struggled and moved their head, making it a more difficult target to hit. These 
animals sometimes required two or more blows to cause unconsciousness, which is 
unacceptable as it could result in pain and suffering prior to losing consciousness. With blunt 
trauma to the head, applying the blow to the correct position with sufficient force to cause 
immediate insensibility is essential for this method to be humane.  

 

 

Figure 7 Harvesters rig showing the flat metal tray and rack (at top) that are used by 
some when applying blunt trauma to the head of in pouch joeys.  

 

The use of blunt trauma to the head is a somewhat controversial method of killing animals. 
The AVMA Euthanasia guidelines say that it should only be used when they are no other 
methods available and then it is acceptable for use only on neonatal animals with thin 
craniums (AVMA Panel on Euthanasia 2013). The Council of the European Union regulation 
on the protection of animals at the time of killing requires that animals 'shall be spared any 
avoidable pain, distress or suffering during their killing and related operations' (European 
Commission 2009). These regulations specify that killing by a percussive blow to head is 
permitted only for animals (piglets, lambs, kids, rabbits, hares, fur animals and poultry) less 
than 5kg bodyweight. Blunt trauma to the head is thus not used in situations where other 
methods are available (for example, with companion animals in a veterinary setting or with 
animals used in research). However, it is still commonly used in situations where alternative 
methods are not always accessible or practical. For example, on-farm killing of diseased or 
injured livestock (Gregory 2007), or unwanted or sick newborns (e.g. piglets, kids and 
lambs)(Humane Slaughter Association 2008; Biosecurity New Zealand 2010); emergency 
euthanasia of wildlife (Hanger & Tribe 2005); killing of poultry (Erasmus et al. 2010a) and 



 

23 
 

fish (Davie & Kopf 2006); and also the commercial harvesting of seals (The EFSA Journal 
2007; Butterworth & Richardson 2013). 

The aim of blunt trauma to the head is to cause multiple fractures and collapse (or crushing) 
of the skull and destruction of the brain, i.e. the cerebral cortices on both sides of the brain, 
the thalamus and the brain stem. When this level of destruction occurs the animal can be 
considered dead (The EFSA Journal 2007). There have only been a few studies to evaluate 
the effectiveness of blunt trauma as a method of euthanasia. For example, a study to compare 
different killing methods for turkeys demonstrated that, based on time to insensibility and 
degree of brain trauma produced, blunt trauma (by a single hit) along with a non-penetrating 
captive-bolt pistol (Zephyr) (discharged twice in immediate succession) were found to be 
effective and humane methods for on-farm killing of turkeys (Erasmus et al. 2010b; Erasmus 
et al. 2010c). Both methods consistently caused immediate insensibility compared with two 
cervical dislocation methods (manual and burdizzo- a hand operated clamp originally used for 
castrating animals). Eye reflexes persisted for 43 seconds in turkeys killed with manual 
cervical dislocation and for 106 seconds with mechanical dislocation using a burdizzo. They 
concluded that the captive-bolt and blunt trauma caused death by directly disrupting brain 
function whereas cervical dislocation (by stretching or crushing) caused death by cerebral 
hypoxia and ischaemia. 

Killing of piglets by manual blunt force trauma was assessed in a study by Whiting et al. 
(2011). A blow to the dome of the skull was delivered by hitting with hammer. Individual 
piglets were held horizontally by the hind legs and abdomen at near waist height, while the 
sternum and front legs were supported by a pen divider. The pigs were struck on the head 
with a single blow delivered by a second operator. Although the carcasses examined at post-
mortem had severe and fatal skull fractures, the authors judged the technique unacceptable 
due to subjective evaluation of aesthetics and difficulty of application.  

Blunt trauma to the head (or clubbing) is also used to kill young harp seals during commercial 
seal hunting in Canada, however its humaneness has been disputed. Butterworth and 
Richardson (2013) recently conducted a review of the results of multiple studies on the 
outcomes of commercial seal harvesting in Canada and concluded that clubbing of seals is 
inherently inhumane. The authors argue that use of a percussive blow to the head should not 
be permitted since most of the seals killed by this method are ‘beaters’ and thus weigh in the 
region of 25-35 kg – much heavier than the 5kg limit specified in the EU regulations for this 
method. They say that other factors such as hunters scrambling across slippery (and 
sometimes unstable) ice chasing after a moving seal, operator fatigue, the speed at which the 
hunt is conducted and severe weather conditions can all seriously hinder the effective and 
humane administration of a percussive blow to the head during seal hunting. They also 
maintain that the common practice of striking several seals before returning to check those 
that have been struck, results in high rates of wounding and prolonged periods of distress for 
many animals.  

On the other hand, Daoust and Caraguel (2012) made observations of 200 Canadian harp 
seals killed using a hakapik (a long wooden club with a metal ferrule at the striking end, the 
blunt part of which is used to strike the animal on the head) and concluded that blunt trauma 
to head using this tool, when used properly, does not result in poor welfare outcomes. Sixty 
three of these animals were monitored closely which included recording the number of blows, 
presence or absence of post-mortem reflex movements and degree of damage to the skull 
(completely, partially or not crushed). The number of blows received varied between one and 
four – the majority receiving three or four blows. Post-mortem reflex movements—in seals 
these are termed ‘swimming reflexes’—were observed in 62% of animals. All of the more 
than 200 seals collected were considered to be dead or deeply unconscious (based on 
cessation of breathing and either a completely crushed skull or absence of blinking reflex) 
when they were brought onto the boat and bled out and all but one of the animals had severe 
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fractures of the skull. The researchers concluded that a single, strong blow properly placed to 
the centre of the calvarium (the dome shaped superior portion of the cranium) should be 
sufficient to cause severe fracture with loss of integrity to the underlying cortex and thus is an 
efficient method for stunning and/or killing young harp seals. 

Thus, based on our observations and the observations of other researchers, we argue that blunt 
trauma to the head can be a humane method of euthanasia for in-pouch joeys as long as it is 
applied correctly, that is by a sharp blow delivered to the central skull bones with sufficient 
force to produce immediate depression of the central nervous system and destruction of brain 
tissue. However, it is important to note that the skill and confidence of the operator has a 
significant influence on welfare. If blunt trauma is not performed correctly there will be 
varying degrees of consciousness and it is likely that the animal will experience pain and 
distress prior to death. If the first blow does not hit the calvarium but hits for example, the jaw 
or a limb, or if only one cerebral cortex is destroyed and the other cortex is still functioning, 
then the animal will experience pain (The EFSA Journal 2007). 

In-pouch joeys have thin craniums (approx. 1–2 mm) with unfused sutures and fontanelles, 
which may make it easier to cause extensive skull fracture and brain damage. In-pouch joeys 
are usually less than the 5 kg bodyweight, which is the cut-off for this method as 
recommended by the Council of the European Union. Since they are usually contained within 
the pouch and do not need to be chased or captured by the harvester, the period of fear and 
distress for an animal prior to application of the method is very short. It takes only a few 
seconds for the harvester to take a joey from the pouch and apply blunt trauma to its head. It 
is quick, effective—loss of consciousness is rapid—and any suffering would only occur for a 
very short period. 

Although it can be an effective and humane method of euthanasia, it has one noteworthy 
disadvantage—it is aesthetically unpleasant for both operators and observers, and for this 
reason that it is often criticised. This has led to the investigation of a spring-loaded captive-
bolt gun as an alternative euthanasia method (see “Preliminary evaluation of a spring-loaded 
captive-bolt device for stunning kangaroo in-pouch young”). 

Shooting 

The euthanasia method for young-at-foot specified in the Code is “a single shot to the brain or 
heart where it can be delivered accurately and in safety using the firearms and ammunition 
specified…” (Anon 2008). During our observations only one young-at-foot that was 
euthanased with a single shot to the head. The euthanasia of another stationary young-at-foot 
was attempted by firing two shots but both missed. Based on our observations of adult 
kangaroos being harvested, a well-placed shot to the head caused extensive skull and brain 
damage very likely to result in immediate insensibility.  

The AVMA Guidelines for the euthanasia of animals states that a properly placed gunshot can 
cause immediate insensibility and a humane death (AVMA Panel on Euthanasia 2013). 
Assessments of the humaneness of a range of pest animal control methods used in Australia 
have also reported that shooting is a humane method of killing animals (Sharp & Saunders 
2011). In these assessments it makes the following statements with regard to duration and 
suffering associated with shooting: 

Duration 

With head shots, a properly placed shot will result in immediate insensibility.  

With chest shots, time to insensibility can range from seconds to a few minutes. The time to 
loss of consciousness and the time to death will depend on which tissues are damaged and, in 
particular, on the rate of blood loss and hence the rate of induction of cerebral hypoxaemia. 



 

25 
 

Loss of consciousness and death is likely to be quick when animals have been shot in the 
heart. ‘Hydrostatic shock’ may also contribute to rapid incapacitation and potentially rapid 
loss of consciousness with shots to the chest; however this effect seems to be variable and 
doesn’t occur in all instances.  

Suffering 

When animals are rendered insensible immediately with a well-placed head shot that causes 
adequate destruction of brain tissue there should be no suffering. 

Animals that are chest shot and still conscious are likely to have a short period of suffering, 
though the extent of suffering will vary depending on which tissues are damaged and the rate 
of blood loss. During haemorrhage there is likely to be tachypnoea and hyperventilation, 
which, when severe, would indicate that there is a sense of breathlessness before the loss of 
consciousness. Severe haemorrhage in humans is also associated with anxiety and confusion. 
If chest shot animals are rendered insensible by the mechanism of ‘hydrostatic shock’ and 
they do not regain consciousness prior to death they are unlikely to suffer (Sharp & Saunders 
2009). 

Since young-at-foot are free roaming, shooting is the most appropriate method of euthanasia. 
Although there is a risk of wounding but not killing young-at-foot this can be minimised if 
shooters only shoot stationary animals that are within a range that permits the accurate 
placement of a shot. Young-at-foot that are fleeing should not be shot at. A shot to the head is 
preferable to a shot to the chest as it is more likely to cause instantaneous loss of 
consciousness. However, the judgement of the shooter is important in determining the 
optimum shot placement to achieve a quick, humane death for each animal. In some situations 
when conditions may be less than ideal, it may be more appropriate to use a chest shot.  

Despite the Code stating that young-at-foot must be euthanased, during this study, only one 
out of the 24 observed YAF was euthanased. Another young-at-foot was shot at twice but 
these missed. The harvested female, which was presumed to be the young-at-foot’s mother, 
also had a large in-pouch young (287 days) and thus what was suspected at the time to be a 
dependent young-at-foot was either a non-dependent young-at-foot or was not hers. Although 
it may have been possible to shoot the other 8 young-at-foot that remained stationary, a 
further 14 quickly fled the area and—even if the harvester had intended to euthanase them—a 
shot could not be taken. One way to potentially avoid the escape of dependent young-at-foot 
could be to shoot them before the female is shot—this is how the single young-at-foot was 
shot during our observations. If this were to be used as an alternative approach to shooting 
females with visible young-at-foot first, then further investigation might be warranted to 
determine the common reaction of females of different species. During our research with 
western grey kangaroos (Chapter 3) we observed that females mostly remained calm and did 
not flee when their young-at-foot was shot nearby. 

Further specific requirements for shooting are outlined in detail in the Code. In summary, 
shooters must be highly skilled and shooting must be conducted with the appropriate firearms 
and ammunition and in a manner which aims to cause immediate insensibility and painless 
death. The young-at-foot must be clearly visible, stationary, within range of the firearm used 
and able to be killed with a single shot. Immediately after shooting animals must be checked 
to ensure they are dead.  
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Are there other methods that could potentially be used during kangaroo 
harvesting? 

Captive-bolt 

A captive-bolt is a device used to stun or kill animals, where a tethered metal rod is 
discharged into the brain of an animal (AVMA Panel on Euthanasia 2013). As discussed 
previously, a heavy blow to the head (also called mechanical or percussive ‘stunning’) can be 
an effective and humane form of rendering an animal unconscious, if it is performed 
correctly. However, especially with larger animals, it can be difficult to consistently produce 
a blow of sufficient force, and to achieve impact in the correct position due to the potential for 
the animal to move. Because of this, the captive-bolt device was developed early in the last 
century and it is now commonly used throughout the world to stun cattle, sheep, goats and 
other farmed species including pigs, horses, deer, poultry, ostriches and rabbits (Humane 
Slaughter Association 2006; European Food Safety Authority - AHAW panel 2006).   

The humane killing of livestock with captive-bolt equipment involves two stages; the animal 
is first stunned with the captive-bolt to render it insensible to pain, then the major blood 
vessels in the neck or chest are cut or ‘pithing’ is performed. This second stage is to cause the 
death of the animal from loss of blood (exsanguination) or by destruction of the brainstem. It 
is important that the animal remains unconscious from the initial stun until death occurs 
(Humane Slaughter Association 2006). 

Captive-bolt devices can be cartridge, spring or air-powered and can be penetrating or non-
penetrating. They can be either trigger fired or fire on contact with the animals head (Gregory 
2007). A metal bolt is projected at high speed through an aperture in the muzzle end of the 
barrel. The bolt does not leave the barrel completely, but is retained and in some devices is 
returned to its pre-firing position. Non-penetrating devices have a ‘mushroom-headed’ bolt 
which impacts the skull but does not enter the brain, with penetrating stunners, the bolt enters 
the brain. Penetrative captive-bolts cause insensibility due to the concussive blow to the skull 
and the physical damage resulting from the entry of the bolt into the brain, whereas non-
penetrative captive-bolts caused insensibility due to the concussive forces alone (Humane 
Slaughter Association 2006). 

The main advantage of captive-bolt stunning compared with blunt trauma is that the same 
force can be consistently delivered to the skull independent of the strength of the operator 
(Erasmus et al. 2010a). Also, this method may be less aesthetically displeasing compared 
with a blow to the head and may therefore be more acceptable to operators and the public. 
Therefore, this method of stunning could potentially be useful for euthanasia of in-pouch 
joeys during harvesting. In Chapter 2 we report the results of trials of a spring-loaded captive-
bolt gun. 

Overdose with barbiturate 

Barbiturates depress the central nervous system, starting with unconsciousness and 
progressing to apnea and cardiac arrest (CCAC 2003). Sodium pentobarbital is the most 
commonly used agent (AVMA Panel on Euthanasia 2013). The main advantages of 
barbiturate are its rapid and smooth effects and also the solution is inexpensive. For this 
reason, it is the ‘gold standard’ used by veterinarians for euthanasing dogs and cats. However, 
there are a number of disadvantages that would make it unsuitable for euthanasing joeys 
during harvesting.  

Firstly, an intravenous (IV) injection is required for best results. This would require the 
restraint of the joey for a number of minutes so that a vein could be found and the solution 
administered using a needle and syringe. Most harvesters conduct their operations by 
themselves (although a small number have an offsider to assist them), therefore it would be 
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very difficult for a single operator to hold a joey, find a suitable vein, and administer the 
barbiturate. This would all be performed at night under a bright light (another stressor for the 
joey) and would take a significant amount of time to perform. Injection sites other than (IV), 
for example intraperitoneal (IP), can potentially be used in situations where an IV injection 
would be difficult (AVMA Panel on Euthanasia 2013). However, IP administration would 
still require two operators, can take a long time to work and getting the dosage right and into 
the correct place can be problematic under field conditions. In a study to evaluate methods of 
rapid mass killing of piglets, the failure rate of intraperitoneal barbiturate was high in 
comparison with other methods reported (Whiting et al. 2011). When examined 60 minutes 
after injection, 5 of 240 piglets were fully ambulatory and 11 were recumbent but continuing 
to breathe. The authors suggested that this failure rate may be explained by trans-abdominal 
injection into the bladder or into a faecal mass in the large intestine resulting in failure to 
absorb the agent or the agent being expelled. Also, individual pigs were not weighed prior to 
injection and a larger animal may have received a sub-lethal dose (Whiting et al. 2011). 
Intracardiac, intrasplenic, intrahepatic and intrarenal injections of barbiturates are specialised 
procedures that must only be used if the animal is unconscious or anaesthetised (AVMA 
Panel on Euthanasia 2013). Secondly, euthanasia solution is a controlled substance, and 
therefore can only be administered by registered veterinarians, or under their direct 
supervision. Thirdly, scavenging animals that consume the carcase of animals killed by 
overdose of barbiturates could also potentially die from its toxic effects. Thus, joey carcasses 
would need to be taken elsewhere to be incinerated or otherwise disposed of in a manner 
where they cannot be scavenged. Lastly, but most importantly, the restraint and handling 
required to perform this procedure on a wild animal is likely to cause a high degree of stress, 
especially in the older, furred joeys. The stress of restraining a wild animal can be severe - 
much more than people realise. A number of studies in a wide range of wild animal species 
have consistently found a stress response—as evidenced by elevated glucocorticoid 
concentrations—in response to capture and handling by man (Dickens et al. 2010). 
Kangaroos are highly susceptible to developing capture myopathy and while this condition is 
mostly associated with prolonged muscular exertion during capture and restraint events, it is 
also seen in animals experiencing fear and anxiety without physical exertion (Vogelnest & 
Portas 2008). 

Electrical methods 

Electricity is used to stun animals and also to kill them. Head-only electrical stunning 
involves the application of an electrical current using a pair of tongs (electrodes) placed on 
either side of the head (or in poultry only by passing the body through an electrified bath) 
(EFSA 2004). Effective head only electrical stunning causes a brief period of 
unconsciousness, so that the animal can then be killed with either a second current passed 
across the heart or by bleeding out (exsanguination). Electrical stun/kill methods involve 
induction of cardiac ventricular fibrillation (rapid and irregular beating of the heart) by 
passing an electric current across the heart. It is used on unconscious animals that have been 
previously stunned using head-only electrical stunning, or in conscious animals whereby it 
causes the simultaneous induction of unconsciousness and cardiac ventricular fibrillation. 
Death is caused due to cerebral hypoxia brought on by cardiac fibrillation. Electrocution has 
been used to euthanase dogs, cattle, sheep, goats, pigs, chicken, foxes, mink and finfish 
(AVMA Panel on Euthanasia 2013). Death by electrocution is considered humane when it is 
used in animals that have been rendered unconscious (AVMA Panel on Euthanasia 2013).  

There are however a number of factors that make electrical methods unsuitable for the 
euthanasia of pouch young or young-at-foot. Firstly, according to the AVMA guidelines on 
euthanasia, electrocution may not result in death in small animals (< 5 kg) because ventricular 
fibrillation and circulatory collapse do not always persist after the current flow has been 
stopped. Most pouch young would be under this weight. Secondly, because proper application 
of the electrodes is essential, it is difficult to use on animals that are hard to restrain, making it 
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unsuitable for mobile young- at-foot that cannot be caught and held. Also, the method 
requires special skills and equipment and thus is not currently practical for use in field 
situations.  

Conclusion 
Based on our small number of observations of kangaroo harvesting practices, and taking into 
account the recent research done on the onset of sentience in tammar wallabies, we conclude 
that the currently used euthanasia methods, when applied correctly, can be effective and 
humane, although there are some areas where improvements need to be made.  

If we extrapolate the studies done on tammar wallabies to other macropods, then we may 
reasonably assume that joeys without fur and with permanently closed eyelids are likely to be 
incapable of consciously experiencing pain due to their neurological immaturity (Diesch et al. 
2010). Therefore, decapitation (with or without cervical dislocation) and blunt trauma to the 
head are unlikely to cause suffering when used on unfurred pouch young.  

With partially furred and fully furred in-pouch joeys, the most suitable method that is 
currently available is blunt trauma to the head. This method, when performed correctly, is 
likely to cause unconsciousness more quickly than decapitation. Also, the duration of distress 
prior to application of blunt trauma is likely to be less compared with other methods (such as 
overdose with barbiturate). Blunt trauma to the head is also recommended for joeys at the 
in/out stage of development that are in the pouch when the mother is shot or can easily be 
caught by the harvester. Animals killed by blunt trauma should be no more than around 5kg 
bodyweight. Gunshot is the most suitable method for the euthanasia of larger mobile young-
at-foot. A shot to the head is preferred, but heart shots are also acceptable in some situations. 

Although the type of euthanasia method used will influence the level of suffering experienced 
by kangaroo young, the importance of applying the methods correctly together with the 
training and attitude of harvesters should not be overlooked (see “Kangaroo harvesters intend 
to euthanase dependent young-at-foot …but they can’t or won’t?”). There was variation 
between harvesters in the way euthanasia methods were used. For example, decapitation was 
done with a knife or by thumb/finger, while blunt trauma was done using the utility tray or 
rack, rocks, the foot or a metal bar. Some approaches to the application of these euthanasia 
methods are more effective and humane than others, therefore we recommend that they be 
standardised. A standard operating procedure that describes in detail how the methods should 
be applied would reduce or even prevent some of the negative welfare impacts. For example, 
joeys should not be hit against the railings of the utility rack as this can result in decapitation 
rather than the intended skull fracture and brain destruction. Also, joeys should not be held by 
the hindquarters and the head hit with an iron bar (or similar) as they can move about making 
it difficult for the harvesters to hit the correct spot and may require more than one strike to 
render them unconscious. Stunning must be conducted so that the joey is hit against a large 
solid surface that will not move or compress during the impact (e.g. the tray of a utility 
vehicle). 

One of the most important factors in assuring the humane death of animals, is that the 
operators are properly skilled and conscientious (Whiting et al. 2011). Harvesters have an 
ethical responsibility to ensure that the most appropriate methods are used and that death of 
kangaroos is as painless and distress free as possible. Development of a more prescriptive 
standard operating procedure for kangaroo harvesting and training of harvesters in best 
practice application of euthanasia methods will ultimately lead to more humane harvesting 
practices. Further recommendations regarding ways to improve the attitude, knowledge and 
skill level of harvesters are outlined in Chapter 4. 
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Despite the current methods being humane and effective (assuming they are applied correctly, 
see Table 4), there is a problem with how they are perceived by society and we see this as 
important area that needs to be addressed. It is essential that the kangaroo industry and 
relevant government agencies communicate more with the public about the animal welfare 
impacts of harvesting. Experts on euthanasia acknowledge that the quickest and most humane 
method of ending the life of free-ranging wildlife in a given situation may not always meet 
the criteria established for euthanasia (AVMA Panel on Euthanasia 2013). So with regards to 
the harvesting of kangaroos, we argue that the termination of the life of dependent young 
should more accurately be described as ‘humane killing’ rather than euthanasia. This is 
because it may not be possible to provide the ‘good’ death that could potentially be given if 
the animals were domestic pets or laboratory animals. Under the circumstances where 
kangaroo young are killed, that is, in remote areas by a single operator at night time, the 
killing methods need to be practical. They should be quick to perform, be easy to apply by a 
single operator—especially in low light conditions—using equipment that is easy to maintain.  

Although blunt trauma to the head may be seen as cruel and violent by observers and it may 
be unpleasant to perform, from the animal’s perspective, the duration and extent of suffering 
is much less than other methods. We believe that the advantage of causing the least animal 
suffering outweighs the disadvantage of being aesthetically unpleasant. Although it is 
important to consider methods that are acceptable to the public, there are instances where this 
is in direct conflict with humaneness. For example, Rollin (2009) describes an example where 
injured racehorses were being euthanased at the racetrack using succinylcholine to ‘put them 
to sleep peacefully’. This method was used because the public got upset when they saw blood 
if horses were shot. However those performing the euthanasia did not realise that horses killed 
using succinylcholine died an inhumane death from suffocation, compared with a quick and 
relatively painless death from gunshot. Thus, it is important to realise that methods that may 
look unpleasant are not necessarily inhumane. 

Although a captive-bolt device causes stunning and/or death by a similar mechanism, it is 
likely that the public would view its use as less violent and thus, a more acceptable method of 
killing kangaroo young compared with blunt trauma. Therefore, as outlined in Chapter 2, we 
recommend that further research is conducted to build on the information we have collected 
and to determine the most appropriate captive-bolt device for use with in-pouch young and 
the optimal placement of the bolt. However, until it can be demonstrated that a captive-bolt 
device can cause immediate insensibility with one shot in over 95% of animals, considered to 
be the accepted minimum standard (Grandin 2005 cited in Gregory 2007) and thus result in a 
more humane death, then blunt trauma to the head remains the best available method for the 
humane killing of larger in-pouch kangaroo young. In Table 4, we have summarised our 
recommended methods for the euthanasia of kangaroo young at different stages of 
development. 
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Table 4 Recommended methods of euthanasia for different stages of development 

Stage of development Most Acceptable Method Notes 
In pouch – unfurred <5cm 
length (including tail) 

Decapitation, cervical 
dislocation 

Using thumb and finger or sharp 
blade 
  

In pouch – unfurred >5cm Decapitation Using a sharp blade 
 

In pouch – partially furred 
In pouch – furred 
Out of pouch – can be caught by 
harvester 

Manually applied blunt trauma 
to the head 

Stunning must be conducted so 
that the joey is hit against a 
large solid surface that will not 
move or compress during the 
impact (e.g. the tray of a utility 
vehicle). Animals must not be 
hit against the utility rack or 
held by the hindquarters and hit.  
 
A captive-bolt device may also 
be acceptable, however further 
research is required to determine 
most suitable type of bolt device 
and optimum placement on the 
head. 
 

Mobile young-at-foot Gunshot A head shot to destroy the brain 
is preferred as this is likely to 
cause more rapid insensibility, 
however chest shots (or heart 
shots) are also acceptable. 
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Appendix 

Post-mortem examination of in-pouch joeys killed by blunt trauma to the head 

Animal ID 02/08  

Species Eastern grey  

Age 180 days (26 weeks)  

PM findings Bilateral haemorrhage from nares. Extensive damage to skull and brain with 
multiple skull fractures present. At least 4 intersecting fractures with 
separation of the frontal and parietal bones. Haemorrhage and liquefied 
brain tissue under fractures.  

Comments The joey was removed from the pouch and hit against the ute tray. The time 
to insensibility was rated as instantaneous and time from removal from 
pouch to insensibility was 5-10 seconds. 

 

 

Animal ID 03/18  

Species Red  

Age 196 days (28 weeks)  

PM findings Extensive damage to skull and brain with multiple skull fractures and 
haemorrhages present. At least 5 or 6 intersecting fractures. 

Comments The joey was removed from the pouch and hit against the ute tray. Time to 
insensibility was rated as instantaneous and time from removal from pouch 
to insensibility was around 4 seconds. The joey was vocalising when 
removed from the pouch. 
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Animal ID 10/36  

Species Red  

Age 180 days (26 weeks)  

PM findings No fractures felt on palpation of skull. The head was separated from neck at 
3rd intervertebral joint. No haemorrhage on head, no fractures seen, brain 
appeared grossly undamaged. 

Comments The joey was attached to a long teat prior to being removed from the pouch. 
Blunt trauma was applied by hitting the joey against the rack of the ute. 
However, it appears that the impact was at the neck rather than the skull and 
the animal was decapitated by the action (see “Blunt trauma to the head”). 
Time to insensibility was rated in the field as instantaneous but in light of 
the PM findings this may not have been the case. Time from removal of 
pouch to insensible was around 5 seconds. 

 

 

Animal ID 16/07  

Species Eastern grey  

Age 287 days (41 weeks)  

PM findings Blood around mouth and nose. Extensive haemorrhage over brain 
particularly around brain stem and cerebellum and frontal lobes. Other 
smaller haemorrhages throughout brain. Extensive damage to brain and skull 
with at least 4 fractures. 

Comments This large joey remained in the pouch after the female was shot. The joey 
was taken out of the pouch and blunt trauma to the head was applied twice 
(which was routine practice for this harvester) by holding the joey by the 
hind legs and swinging in an arc hitting the head against the ute tray. Time 
to insensibility was rated as instantaneous and time from removal from 
pouch to insensibility was around 3 seconds. 
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Animal ID 16/22  

Species Eastern grey  

Age 205 days (29 weeks)  

PM findings Blood over top and left hand side of head and around the muzzle. There was 
extensive damage to the skull and brain with multiple skull fractures and 
haemorrhages. The skull was fractured just caudal to the eyes. There were 
fractures of both rami of the mandible just ventral to the temporo-
mandibular joint. There was a fracture across the maxilla rostral to the eyes. 
There was also a transverse fracture of the distal right humerus and a mid-
shaft transverse fracture of the right radius. An ulnar fracture at the same 
level was also suspected. 

Comments The joey was taken out of the pouch and blunt trauma to the head was 
applied twice (which was routine practice for this harvester) by hitting 
against the ute tray. Time to insensibility was rated as instantaneous and 
time from removal from pouch to insensibility was around 2-3 seconds. 
Note that the joey sustained fractures to the right antebrachium as well as the 
skull. 
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Preliminary evaluation of a spring-
loaded captive-bolt device for stunning 
kangaroo in-pouch young 
Introduction 
The National Code of Practice for the Humane Shooting of Kangaroos and Wallabies for 
Commercial Purposes (Anon 2008) states that all shot female kangaroos (including those that 
are euthanased due to sickness or injury) must be examined for pouch young. If present, 
small, furless pouch young (that fit within the palm of the hand) must be euthanased using 
either a “single forceful blow to the base of the skull sufficient to destroy the functional 
capacity of the brain” or by “stunning, immediately followed by decapitation by rapidly 
severing the head from the body with a sharp blade”. If furred pouch young are present, they 
must be killed by a “single forceful blow to the base of the skull sufficient to destroy the 
functional capacity of the brain”. Although the Code does not provide specific guidelines on 
how apply the single forceful blow to the head, most harvesters do this by holding the joey by 
the hindquarters and swinging it in an arc so that its head hits a hard object such as a large 
rock or side of the rack or tray on their utility. Sometimes larger furless joeys are placed onto 
the ground and the head is stamped on with the foot. Occasionally harvesters use a heavy bar 
or pipe to hit the joey on the head whilst holding them by the back-legs. All of these 
procedures fit within the loose definition of a “single forceful blow to the head”. 

According to the American Veterinary Medicine Association Guidelines on Euthanasia 
(AVMA Panel on Euthanasia 2013), manually applied blunt trauma to the head can be a rapid 
and humane method of killing small animals such as birds, amphibians, fish, reptiles and 
some neonatal animals with thin skulls (e.g. pigs). However to be effective and humane, the 
method must be applied using a single sharp blow delivered to the central skull bones with 
sufficient force to produce immediate depression of the central nervous system and 
destruction of brain tissue and the animal must not regain consciousness before it dies.  

Although it is regarded as humane way of killing some species of animals, this method is 
often seen as undesirable because of the negative effect it can have on observers and there is 
also a reluctance of some operators to perform it. If the operator does not deliver the stun with 
sufficient force or does not contact the correct point of the head then it is possible that the 
animal will not become insensible immediately and it will experience pain from the blow. 
Some guidelines consider blunt trauma to be acceptable only in instances where it is the most 
rapid and practical method on hand e.g. for the emergency euthanasia of injured newborn 
piglets (CCAC 2010). Experts on euthanasia have also recommended that blunt trauma should 
be replaced as much as possible with alternative methods (AVMA Panel on Euthanasia 2013). 

The use of blunt trauma to euthanase kangaroo joeys is not without controversy. Critics of 
harvesting argue that the methods used to kill joeys are inhumane and they often describe 
these methods using negative and emotionally charged language. For example, “brutally 
bashing joeys to death” (Wilson 2005), and “…obscene and unavoidably cruel” (Gellatley 
2009). The media are particularly prone to portraying the methods in this way. A front page 
article in The Daily Telegraph contained a half page colour photo of a joey with the headline 
“Orphaned joeys face a bloody and barbaric end” (Holland 2009). In a report by THINKK—a 
kangaroo research group whose discussion papers often highlight the importance of animal 
rights— the Code is criticised because it allegedly condones legalised cruelty towards joeys 
(Broom & Ben-Ami 2010). Voiceless, the animal protection institute claims that the Code 
“…sanctions and facilitates staggering levels of cruelty to kangaroos and joeys which would 
be illegal if perpetrated against many other animals including cats and dogs” (Voiceless 
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undated). RSPCA Australia has also expressed serious concerns about the suffering caused by 
shooting females with pouch young (RSPCA Australia 2009a). They have questioned the 
appropriateness of the techniques prescribed for killing pouch young and proposed that 
research should be urgently conducted to determine what methods are the most humane 
(RSPCA Australia 2002, 2009b).  

One way to standardise the method for killing larger in-pouch joeys, and to also address the 
negative public perceptions relating to the use of blunt trauma on joeys, is to use an 
alternative method such as a captive-bolt gun. A captive-bolt gun uses either a blank 
cartridge, compressed air or a spring mechanism to propel a bolt onto or into the skull. The 
aim is to cause rapid insensibility without pain by concussing the animal through transfer of 
energy to its head (Gregory 2007). In livestock, humane killing using a captive-bolt gun is 
usually a two stage process: the animal is first stunned with the bolt gun to render it insensible 
to pain, and then secondly, the major blood vessels in the neck or thorax are cut (sticking), or 
pithing (insertion of a rod into the hole made by the bolt to cause physical destruction of brain 
tissue) is performed. The animal then dies from a lack of oxygen to the brain, caused by loss 
of blood or by destruction of the brainstem (Humane Slaughter Association 2006). 
Preliminary research has also demonstrated that captive-bolt devices can be used as a single-
step method for killing cattle (Gilliam et al. 2012) and sheep (Gibson et al. 2012) without the 
need for sticking or pithing. There are two types of captive-bolt guns; penetrating captive-
bolts guns cause a concussive blow to the skull as well as physical damage resulting from the 
entry of the bolt into the brain, and non-penetrating captive-bolts, which have a wide 
mushroom shaped head that impacts the skull but does not penetrate the brain (Humane 
Slaughter Association 2006). Although mostly used during the slaughter of larger animals 
such as sheep and cattle, captive-bolt guns have also been developed for use on smaller 
animals including poultry (Raj & O’Callaghan 2001), dogs (Dennis et al. 1988) and rabbits 
(Holtzmann 1991). 

To obtain an effective stun it is vital that the blow is delivered to the correct part of the skull. 
The Humane Slaughter Association (2006) states that the best position is where the brain is 
closest to the surface of the head and where the skull is at its thinnest. In most animals this is 
the frontal region of the head. However, the ideal position and direction of impact can vary 
between and within species and also depends upon the velocity of the bolt and also whether 
the bolt is penetrating or non-penetrating (Gregory & Shaw 2000; Humane Slaughter 
Association 2006). In cattle, the ideal shooting position is the crossover point between two 
imaginary lines drawn between the base of each horn and the opposite eye (Gregory 2007). In 
sheep, shooting in the poll position (at the back of the head) is just as effective as the frontal 
position, however they must be exsanguinated rapidly as they are more likely to return to 
consciousness when stunned in the poll position. Poll stunning is not recommended for cattle, 
but in water buffalo, stunning at the poll position is more effective than the crown or frontal 
positions (Gregory et al. 2009). With rabbits, the best position to achieve an effective stun is 
on the top of the head at the midline between the base of the ears (Holtzmann 1991; European 
Food Safety Authority - AHAW panel 2006); and with young rabbits it has been suggested 
that if the bolt strikes a bone suture on the skull there can be a higher risk of poor stunning 
(Gregory 2007). The angle of the shot is also important. In a study to assess the effectiveness 
of a pneumatically operated captive-bolt gun for stunning/killing broiler chickens, non-
perpendicular shooting failed to stun a considerable proportion and did not cause immediate 
death in any of the birds tested (Raj & O’Callaghan 2001). Only the perpendicular shooting 
(i.e. the bolt at a 90 degree angle to the head) was effective in stunning/killing broilers (n=10) 
as indicated by the immediate cessation of breathing and loss of neck muscle tension and eye 
reflexes. Deviations from the perpendicular shooting failed to stun 5 out of 9 broilers.  

Both types of captive-bolt guns cause concussion (or unconsciousness) through the 
biomechanical forces set up by the velocity of the captive-bolt striking the head (Shaw, 2002). 
When the bolt hits the skull it produces a rapid acceleration of the head causing the brain to 
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impact against the side of the skull. Normal brain electrical activity is disrupted by changes in 
intracranial pressure and there is damage to nerves and blood vessels causing brain 
dysfunction and /or destruction as well as impaired blood circulation (Humane Slaughter 
Association 2006).  

Although penetrative captive-bolts also cause tissue damage by passage of the bolt into the 
brain, it is still thought that the main cause of effective stunning is the impact of the bolt with 
the skull (Daly & Whittington 1989). If the stunned animal is not bled out or pithed, it is the 
extent of damage to the brain caused by the bolt that determines the outcome, i.e. whether the 
animal regains consciousness, goes from a stunned to a comatose state or dies immediately 
(EFSA 2004). The extent of the brain damage depends on three factors: 

• Species of animal (size and shape of head, skull structure and thickness, density and 
porosity of bone at the recommended shooting site). 

• Equipment used (bolt diameter, velocity and penetration depth). 

• Place of impact. 

Prior to this research, there had been no studies that explored the use of a captive-bolt gun for 
the stunning or euthanasia of kangaroos. If a captive-bolt gun is effective at causing rapid 
insensibility in kangaroo young, it may also have another advantage of eliminating the short 
but intense period of stress for joeys caused by removing them from the pouch. When killed 
using the currently used method of blunt trauma to the head, joeys are usually first removed 
from the pouch. We have observed that they sometimes wriggle, thrash about and vocalise 
and some animals appear to be distressed. Stunning joeys with a captive-bolt gun whilst they 
are still in the pouch could reduce their distress since they will still have physical contact with 
the warm pouch and will be less exposed to the spotlight and sounds outside of the pouch. 

The goal of this preliminary study is to determine if a commercially available penetrative 
captive-bolt gun—propelled by a spring mechanism and developed for use on rabbit-sized 
animals—is effective and practical for stunning in-pouch joeys during harvesting.  

Materials and Methods 
The study was conducted in two stages. In the first stage, the aim was to determine if the bolt 
had sufficient force to penetrate the skull and how deep it would go and also the optimal shot 
placement to cause extensive brain damage (i.e. to a cerebral cortex and brainstem) to achieve 
insensibility. The aim of the second stage was to determine the effectiveness of the spring-
loaded captive-bolt at causing insensibility in live animals. Joeys that were to be euthanased 
by harvesters (by the standard method of manual blunt trauma) were used for this part of the 
trial.  

Performance of spring-operated captive-bolt guns 

Two different types of spring-operated penetrating captive-bolt guns were acquired for use in 
the trial, the Dick stunning apparatus for small animals (Frider. Dick GmbH & Co, Deizisau, 
Germany) (herein referred to as Dick KTBG (see Figure 8) and the Finito (Klaus-
Gritsteinwerk GmbH & Co, Bünde, Germany) (see Figure 9). 
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Figure 8 Dick KTBG spring-operated captive-bolt gun (source Friedr. Dick GmbH & 
Co. KG, Germany) 

 

 

Figure 9 Finito spring-operated captive-bolt gun (source Klaus-Gritsteinwerk GmbH 
& Co, Bünde, Germany) 

 

Kinetic energy is proportional to velocity (Kinetic energy = �1
2

× m� v2   
 Eq. 1 ) and the greatest force is created when the bolt is at peak velocity. Peak 
velocity of the Finito and Dick KTBG spring powered captive-bolt guns was measured with a 
custom built velocity meter (Solutions for Research Ltd, Silsoe, Bedford, UK). Replaceable 
plastic sleeves of different internal diameters were inserted into the top of the velocity meter 
to allow the testing of captive-bolt guns from two different manufactures. The velocity meter 
measures peak velocity of the bolt as it transects a series of seven infrared light-emitting 
diodes (LED). Each LED is positioned 4 mm apart and the time taken to transect consecutive 
LEDs was recorded as the bolt velocity. Each captive-bolt gun was fired 40 times for velocity 
assessment using the velocity meter. Peak velocity was taken as the highest mean velocity 
recording. The weight of each captive-bolt, minus the spring was measured (10 replicates) on 
a precision balance (Acculab Vicon VIC-123, Acculab UK, Sartorius Group, Epson, Surrey, 
UK). Peak velocity of the bolt was recorded and used to calculate the kinetic energy of the 
bolt. By determining the kinetic energy, the two different captive-bolt gun models were 
compared whilst taking into account differences in bolt weight. The relationship between 
kinetic energy, mass and peak velocity is: 

𝑲𝒊𝒏𝒆𝒕𝒊𝒄 𝒆𝒏𝒆𝒓𝒈𝒚 = �𝟏
𝟐

× 𝒎�𝒗𝟐    Eq. 1 where m = mass of the bolt (kg) 
and v = peak velocity (m.s-1) 

In preliminary trials on cadaver heads, both of the guns appeared to cause similar wound 
tracts, however the Dick KTBG was quicker to activate and easier to use, so this apparatus 
was used for all subsequent trials in cadaver head trials and live animals. The diameter of the 
Dick KTBG bolt is 4.7 mm and the length of the bolt is 30mm. 
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Trials on cadaver heads 

A total of 17 cadaver heads of joeys (16 eastern grey kangaroos and one wallaby) were used 
to examine the penetration characteristics of the captive-bolt gun. Twelve of these dead 
animals were sourced from veterinary clinics, where they been euthanased previously by a 
veterinarian using a lethal injection of barbiturate. Another five were obtained from 
harvesters. The heads were frozen until use, at which time they were allowed to thaw to room 
temperature for approximately 18 to 24 hours. 

One operator performed all of the trials on the cadaver heads. Each head was shot once at the 
top of the head near the midline, holding the gun at a perpendicular angle to the skull. The 
skin was then removed and external surface examined. The shape of the bolt hole was noted 
and size measured. The trajectory and penetration depth of the bolt was measured from the 
outer surface of the skull using a wooden probe inserted through the bolt entrance cavity. The 
head was then sawed open (with a hacksaw) longitudinally through or near to the bolt 
penetration site. The skull was examined and measurements taken of skull thickness at 
various points. Skull thickness and bolt penetration depth was measured using electronic 
digital calipers (Model M743, JBS tools). 

Trials on live animals 

The Dick KTBG captive-bolt was used on a total of 23 live animals (nine red kangaroos, one 
western grey, and 13 eastern grey kangaroos) to determine effectiveness at causing stunning.  

The bolt gun was used on larger in-pouch joeys ( > 15 cm from head to base of tail). Two 
operators trained in the use of the captive-bolts gun performed all of the trials on live animals. 
The animals were shot on the midline at the highest point on the head with the gun 
perpendicular (i.e. at an angle of 90 degrees) to the skull. Two different methods of applying 
the bolt were used. With three joeys, the bolt was applied through the pouch skin. The correct 
position of the joeys head was felt and then the bolt gun was placed firmly against the pouch 
skin so that the bolt went through the joey’s skull at the top of the head in the centre. With the 
other joeys, the bolt was applied directly to the joeys head. 

Immediately after shooting, all animals were examined for clinical signs of insensibility: 
sudden loss of muscle tone (body going limp); lack of purposeful or coordinated movements 
(such as raising head); absence of corneal and palpebral reflexes; absence of painful response 
to toe pinch and absence of vocalisation. Breathing and heart beat was also monitored. 

The cadavers (or sometimes just the head) of all but 5 of the animals were frozen for future 
examination. Six of the heads were thawed at room temperature and then subjected to 
computed tomography (CT) scanning. These heads were then frozen and thawed again prior 
to dissection. As described above for the cadaver heads, the skull and brain from these 
animals were also examined macroscopically and measurements taken of skull thickness and 
bolt penetration depth.  

Statistical analysis 

The relationship between pouch-young age and species and the effectiveness of the captive-
bolt to render the joey insensible was examined by logistic regression. The independent 
variable ‘Age’ was determined from the relationship between age and pes length (Appendix). 
The dependent variable ‘Conscious’ was based on our observations of whether or not the 
captive-bolt resulted in instantaneous loss of consciousness after it was used (see section 
“Trials on live animals”). Instantaneous loss of consciousness was scored as a success. Any 
sign of consciousness was scored as a failure. 
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We used the R function glm() (R Core Team 2013) to fit a generalised linear model to the 
data, specifying a binomial error distribution. 

This research was conducted with approval of the NSW Department of Primary Industries, 
Animal Ethics Committee (animal research authority no. ORA 10/012). 

 

Results 

Performance of spring-operated captive-bolt guns 

The results of performance testing of two Dick KTBG bolt guns and one Finito device are 
presented in Table 5, Figure 10 and Figure 11. In Table 5, the results of a .22 Cash special 
cartridge powered captive-bolt gun are also included for comparison. The spring loaded 
captive-bolt guns have a much lower peak velocity compared with the Cash special.  

Of the two models of spring-loaded guns, the Dick KTBG had the highest peak velocity, but 
the velocity decayed over the last 16 to 28 mm of recorded bolt travel, which could be due to 
a shorter travel distance. The observed variability in velocity in the last sets of sensor may not 
be significant as it is the initial energy that is transferred to brain that is most important for 
inducing concussion.  
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Table 5 Testing of captive-bolt peak velocity testing. Results from a -22 Cash special are included here for comparison. 

 

Captive-
bolt 

Cartridge/power 
source 

Bolt 
Weight 
(g) 

Cartridge 
Grain 

Mean peak 
velocity + SD 
(m.s-1) 

Velocity range  

(m.s-1) 

Kinetic 
energy  

(J) 

Penetration 
depth + SD 
(mm) 

.22 Cash 
Special 

Clear 211 1.0 30.26 + 3.34 24.10 – 34.60 97 63 + 1 

Pink 211 1.25 44.60 + 1.46 41.40 – 45.80 210 68 + 2 

Purple 211 2.5 47.77 + 1.75 48.10 – 48.40 241 72 + 1 

Green 211 3.0 52.63 + 1.09 51.10 – 53.90 292 73 + 2 

                

Finito Spring 102 n/a 8.76 + 0.25 8.10 – 9.10 3.91 n/a 

                

Dick 
KTBG A 

Spring 120 n/a 8.94 + 0.26 8.30 – 9.30 4.79 n/a 

Dick 
KTBG B 

Spring 120 n/a 8.91 + 0.39 7.70 – 9.30 4.77  

 



 

45 
 

 

 

 

Figure 10 Peak velocity measurement for two DICK KTBG bolt guns showing the 
variability between guns and decay of velocity over the last 16 to 28 mm of 
recorded bolt travel. 
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Figure 11 Peak velocity measurement for the Finito captive-bolt gun which shows 
less decay of velocity over the last 16 to 28 mm of recorded bolt travel 
compared with the Dick KTGB guns. 

 

Trials on cadaver heads 

The kangaroos ranged from 105 to 450 days (the wallaby was not aged). A summary of the 
results are presented in Table 6. 
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Table 6 Results from trials on cadaver heads 

Trial 
number 

Animal 

Number 

Species Age of joey 
from head 
measurement 
(days) 

Average 
thickness 

of skull at 
hole 

 (mm) 

Bolt 
penetration 
depth (mm) 

CB01  eastern grey 450 1.66 36 

CB02  eastern grey 306 1.60 32 

CB03  eastern grey 290 1.34 25 

CB04  eastern grey 187 0.91 28 

CB05  eastern grey 140 1.48 32 

CB06  other - 
wallaby 

Not aged 0.89 23 

CB07  eastern grey 157 1.10 29 

CB08  eastern grey 184 0.80 24 

CB09  eastern grey 190 0.65 25 

CB10  eastern grey 231 1.46 31 

CB11  eastern grey 217 0.87 30 

CB12  eastern grey 224 0.99 30 

CB13 02/22 eastern grey 147 0.97 26 

CB14 02/16 eastern grey 105 0.76 21 

CB15 02/17 eastern grey 135 0.57 25 

CB16 02/24 eastern grey 124 0.86 25 

CB17 02/03 eastern grey 115 0.70 22 

 

Placement of bolt 

We determined that the best placement of the bolt was likely to be at, or slightly behind 
(caudal) to the highest point of the head (i.e. the crown) at the midline, where the skull is only 
around 1mm thick. Despite always aiming for this point, there was evidence of ‘skin slippage’ 
occurring with some shots, where the bolt ended up misplaced, usually to the right or left of 
the midline or to the front (rostral) of the crown. 

Observations of the macroscopic damage to the skull and brain  

The captive-bolt gun consistently produced a large hole in the skull, around twice the 
diameter of the bolt (i.e. 7-8mm). The bolt produced a large, deep, penetrating and well-
defined track approximately 30mm long (i.e. the length of the bolt) extending into the 
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cerebrum and almost extending the full thickness of the brain including the brainstem, 
although it was hard to determine in some heads due to freezing and thawing disrupting the 
fine details of structure in the brain. Fragments of bone were also pushed into the hole with 
some heads. 

Trials on live animals 

The results of the captive-bolt trials on 23 live in-pouch joeys are presented in Table 7.
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Table 7 Results from trials on live animals 

 

Trial 
number 

Animal 
number 

Species Age from 
head 
measurement 

(days) 

Appearance: 
Furred, 
partially 
furred or 
unfurred 

Average 
thickness 
of skull 
at hole 
(mm) 

Depth of 
hole 
(mm) 

Position of 
hole 

Euthanasia method Time to insensibility Stunning 
rating 

CB18 03/24 red 174 Partially 
furred (very 
small 
amount 
approx. 2%) 

0.90 31 Back of head 
between base 
of ears i.e. 
very caudal to 
‘normal’ 
shooting 
position 

Captive-bolt directly 
onto head 

Immediate insensibility 3 

CB19 03/17 red 215 Furred 
(100%) 

0.87 28 Slightly caudal 
to top of head, 
off midline to 
the right 

Captive-bolt through 
pouch skin 

Immediate insensibility 3 

CB20 03/09 red 133 Partially 
furred (very 
small 
amount 
approx. 2%) 

1.17 23 Slightly caudal 
to top of head, 
at midline 

Captive-bolt through 
pouch skin followed by 
blunt trauma 

Immediate insensibility 4 

CB21 03/07 western 
grey 

166 Partially 
furred (very 
small 
amount 
approx. 1%) 

1.10 30 Caudal to top 
of head and 
left of midline 

Captive-bolt through 
pouch skin 

Immediate insensibility 3 



 

 
 

 50 

CB22 03/06 eastern 
grey 

169 Unfurred 1.50 24 Not available Captive-bolt directly 
on head followed by 
blunt trauma 

? appeared instantly 
insensible but unfurred 
so not sure if sensible 
prior to bolt 

4 

CB23 25/09 red 218 Furred 1.70 25 At top of the 
head and right 
of midline 

Captive-bolt directly 
on head 

1st bolt –not stunned 

2nd bolt – Immediate 
insensibility 

1 

 

3 

CB24 11/17 red 218 Furred hole no. 
1 = 3.73 

hole no. 
2 = 2.09 

1 – 32 

2- 25 

Multiple 
fractures. 2 
holes close to 
top of head - 
one more 
caudal slightly 
to right of 
midline, the 
other slightly 
rostral and to 
the left of 
midline 

Captive-bolt directly 
on head followed by 
blunt trauma after 3rd 
attempt with bolt 

1st bolt –not stunned 

2nd bolt –not stunned 

3rd bolt - stunned but 
recovered after a minute 
or so 

1 

 

1 

 

2 

CB25 11/16 red 214 Furred 
(100%) 

hole 1 = 
1.39 

hole 2 = 
2.03 

1 - 16 

2 - 32 

One hole is 
rostral to top 
of head 
(almost 
between eyes), 
the other is 
slightly caudal 
to top, both to 
right of 
midline 

Captive-bolt directly 
on head + blunt trauma 
after 2nd attempt with 
bolt 

1st bolt –not stunned 

2nd bolt –not stunned 

1 

 

1 
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CB26 11/10 eastern 
grey 

247 Furred 1.10 30 Top of head 
just to right of 
midline 

Captive-bolt directly 
on head 

Immediate insensibility 3 

CB27 11/01 red 196 Furred 
(100%) 

1.05 29 Top of head at 
midline 

Captive-bolt directly 
on head followed by 
blunt trauma after 3rd 
attempt with bolt 

1st bolt –not stunned 

2nd bolt –not stunned 

3rd bolt - stunned then 
blunt trauma after 30 
seconds 

 

1 

 

1 

 

4 

CB28 32/14 eastern 
grey 

249 Furred 1.17 33 Top of head 
slightly to 
right of 
midline 

Captive-bolt directly 
on head followed by 
decapitation 

Immediate insensibility, 
started to swallow and 
blink after 2.5 mins, then 
euthanased 

2 

CB29 32/11 eastern 
grey 

207 Furred 1.24 30 Slightly rostral 
to top of head 
and slightly to 
right of 
midline 

Captive-bolt directly 
on head followed by 
decapitation 

Immediate insensibility, 
did not regain 
consciousness before 
secondary euthanasia 
method applied 

4 

CB30 40/28 eastern 
grey 

319# Furred Not 
available 

Not 
available 

Not available Captive-bolt directly 
on head followed by 
blunt trauma 

Immediate insensibility 
but regained 
consciousness after 
around 1 minute, then 
blunt trauma 

2 

CB31 40/20 eastern 
grey 

277# Furred Not 
available 

Not 
available 

Not available Captive-bolt directly 
on head followed by 
blunt trauma 

Immediate insensibility 
but regained 
consciousness after 3 
mins 50 secs, then blunt 

2 
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trauma 

CB32 40/12 eastern 
grey 

303# Furred Not 
available 

Not 
available 

Not available Captive-bolt directly 
on head followed by 
blunt trauma 

Immediate insensibility, 
did not regain 
consciousness after 4 
mins 30 secs, then blunt 
trauma 

4 

CB33 42/15 eastern 
grey 

284# Furred 1.39 Not 
available 

Just rostral to 
top of head at 
the midline 

Captive-bolt directly 
on head followed by 
euthanasia with 
injection of barbiturate 

Not stunned, euthanased 
after 1 minute 

1 

CB34 42/13 eastern 
grey 

194# Partially 
furred (small 
amount < 
10%) 

1.09 Not 
available 

Rostral to the 
top of the head 
to the left of 
the midline 

Captive-bolt directly 
on head followed by 
decapitation 

Not stunned, euthansed 
after 1 minute 

1 

CB35 42/11 eastern 
grey 

228# Furred 1.72 Not 
available 

Just slightly 
rostral to the 
top of the head 
and to the 
right of the 
midline  

Captive-bolt directly 
on head followed by 
euthanasia with 
injection of barbiturate 

Not stunned, euthanased 
after 1 minute 

1 

CB36 42/08 eastern 
grey 

215# Furred 1.62 Not 
available 

At the top of 
the head and 
slightly right 
of midline 

Captive-bolt directly 
on head followed by 
euthanasia with 
injection of barbiturate 

Not stunned, euthansed 
after 2 mins, 30 secs 

1 

CB37 42/06 eastern 
grey 

259# Furred 1.71 Not 
available 

Rostral to top 
of the head 
and to the left 
of the midline 

Captive-bolt directly 
on head followed by 
euthanasia with 
injection of barbiturate 

Immediate insensibility 
but appeared to be 
returning to 
consciousness, 
euthanased at 4 mins 

2 
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CB38 42/03 eastern 
grey 

 Furred 1.35 Not 
available 

Slightly rostral 
to the top of 
the head and 
slightly left of 
midline 

Captive-bolt directly 
on head followed by 
decapitation 

Immediate insensibility, 
did not regain 
consciousness after 4 
mins, then euthanased 

4 

CB39 03/13 red 128# Unfurred Not 
available 

Not 
available 

Not available Captive-bolt directly 
on head followed by 
blunt trauma 

? appeared instantly 
insensible but unfurred 
so not sure if sensible 
prior to bolt 

4 

CB40 03/15 red Not available Furred Not 
available 

Not 
available 

Not available Captive-bolt directly 
on head followed by 
blunt trauma 

Immediately insensible 
then euthanased 

4 

Stunning rating: 1=was not rendered insensible, 2=was rendered insensible but regained consciousness after > 1 minute, 3= was rendered insensible, did not 
recover and appeared to be dead after 1 minute (no blink reflex, no heart beat), 4=was rendered immediately insensible and was euthanased after stunning 
with a secondary euthanasia method. 

# aged from tail measurement 
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We scored the effectiveness of stunning using the following scale: 

1 = was NOT rendered insensible 

2 = was rendered insensible but regained consciousness after 1 minute 

3 = was rendered insensible, did not recover and appeared to be dead after 1 minute (no blink 
reflex, no heart beat) 

4 = was rendered immediately insensible and was then euthanased after stunning with a 
secondary method. 

Eight out of 23 animals (35%) showed signs of incomplete concussion after the first shot 
(score 1). Five animals (22%) of animals were initially stunned but recovered sensibility 
(score 2), four animals (17%) were rendered irrecoverably insensible leading to death (score 
3) and six animals (26%) were rendered immediately insensible but were euthanased soon 
after stunning using either blunt trauma to the head, decapitation or injection with IV injection 
of barbiturate (score 4). 

We applied a second shot to four of the animals that were not stunned with the first shot and 
only one of these four was stunned with the second shot. Another animal that was not stunned 
with the second shot was then immediately euthanased using blunt trauma to the head. A third 
shot was applied to the other two animals and this caused stunning however one showed some 
consciousness after one minute. Both of these animals were euthansed using blunt trauma to 
the head. Although animals showed varying responses, the most common indicators of 
inefficient stunning were eye blinking and a positive corneal reflex, vocalising as well as 
coordinated movements. Animals that were effectively stunned most commonly suddenly 
went limp and the eyes closed. They also did not respond to toe pinch nor did they vocalise 
and corneal and palpebral reflexes were absent. Consciousness is not an all-or-none 
phenomenon and degrees of consciousness disturbance can exist during concussion (Gregory 
& Shaw 2000). In the animals that were not rendered undoubtedly insensible we did observe 
some indicators of altered consciousness, for example in some animals deep pain reflexes 
were lost despite corneal reflexes being present. 

The significance of pouch-young age and species was determined by comparing the full 
model with the restricted model using the likelihood ratio test. There was no relationship 
between age and effectiveness of the captive-bolt (χ2 = 0.324, df = 1, P = 0.569) or species 
and effectiveness (χ2 = 1.54, df = 2, P = 0.462). 

In a similar analysis, we examined if effectiveness was dependent upon the thickness of the 
skull at the point where the bolt entered or the depth of the bolt’s penetration into the brain. 
There was no evidence that effectiveness was influenced by skull thickness (χ2 = 2.65, df = 1, 
P = 0.103) (after removal of one outlier, CB24 
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Table 7) and insensibility was not related to the depth of bolt penetration (χ2 = 1.68, df = 1, P = 
0.195).  

We examined the hypothesis that the captive-bolt was successful at rendering the pouch-young 
instantaneously insensible at least 95% of the time. The threshold of 95% was based on the minimal 
acceptable success rate for stunning devices used in domestic animal abattoirs (Grandin 2005 cited in 
Gregory 2007). We found the success rate was significantly below the 95% threshold rate (Exact 
binomial test, P < 0.00001). The observed success rate of the captive-bolt was 65% (15 successes out 
of 23 trials). 

 

 

 

Figure 12 a)  

 

Figure 12 b)  
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Figure 12 c)  

Figure 12 a) Animal CB33 (live animal). 3D CT reconstruction. Dorsal view showing shot 
slightly rostral to the top of the head near the midline, b) animal CB33, showing 
shot slightly rostral to the top of the head and c) animal CB33, frontal view 
showing shot slightly rostral to the top of the head near the midline. 

 

Discussion 
Based on the results of our preliminary trials of the Dick KTBG spring-operated, penetrating captive-
bolt gun on in-pouch kangaroo cadaver heads and live animals, at this time we do not recommend the 
use of this device for stunning or euthanasia of these animals during harvesting. Despite appearing to 
cause adequate damage to the brain when trialled on cadaver heads, an unacceptable proportion of 
animals were not successfully stunned with a single shot when this device was used on live animals. 
Although there was evidence of unconsciousness in the majority of animals, 35% of shot animals still 
exhibited signs of sensibility after being shot, therefore, we have serious doubts about the humaneness 
of this captive-bolt stunning method. We are not ruling out the possibility that a different type of 
captive-bolt device may cause effective stunning in in-pouch joeys, but further research—and we 
recommend this be done on anaesthetised animals so that EEG and visual evoked potentials can be 
closely monitored—is essential before the method could be considered as an acceptable alternative to 
the currently used manually applied blunt trauma to the head. 

A successful stun depends on using a gun that fires a bolt of a suitable diameter at the correct velocity 
for the size of the animal and accurate placement of the bolt. Factors related to the species of animals 
such as size and shape of head, skull structure and thickness and density of bone can also influence 
stunning. In this study, there are a number of potential reasons why a large proportion of joeys were 
not rendered insensible: 

• The DICK KTBG spring-operated captive-bolt device that we used may not have had been 
adequate for stunning joeys. Although it appeared to be able to cause sufficient damage based 
on the preliminary trials on cadavers, it may have not produced sufficient force or the bolt 
may have been too short or too narrow to produce the required trauma to cause irrecoverable 
concussion, especially for misplaced shots. This particular device was chosen to be tested 
because it was relatively cheap (approx. $65-85 per device) and was easy to use and maintain 
and light for harvesters to carry. Future studies should also test other devices such as the .22 
cartridge powered Cash poultry killer gun (Accles and Shelvoke UK), which although more 
expensive, may be more effective for the stunning of kangaroo joeys. 
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• Improper shot placement of the gun resulted in insufficient damage to particular areas of the 
brain. Future studies would need to examine data on path of the bolt and brain region damage 
and relate that to signs of sensibility so that optimal shooting positions can be recommended. 
Skin slippage, animal movement and non-perpendicular angle of firing can all result in 
misplaced shots, therefore operator skill and experience is also an important factor. Poor 
marksmanship has been found to be a definitive factor in effective and humane use of captive-
bolt devices (Gibson et al. 2012). 

• The skull overlying the cortex of in-pouch young may be too thin and or soft to allow for 
effective stunning. If the skull has not fully ossified or hardened it is not known whether 
sufficient energy to produce concussion can be generated (Schutt-Abraham and Wormuth, 
1995 cited in (European Food Safety Authority - AHAW panel 2006). A small study on 
newborn calves was performed to address the concern that stunning may not be as effective in 
young animals due to the softness of the skull (Svendsen et al. 2008) but all eight animals 
were rendered immediately unconscious . However, kangaroo in-pouch joey are at a less 
mature stage of development compared with one-day old calves and are likely to have softer 
skulls. Also, it has been suggested that if the bolt strikes a skull suture in young rabbits there 
can be a higher risk of poor stunning (Gregory 2007). This could possibly be due to some of 
the kinetic energy from the bolt being absorbed around the suture. The skull properties of 
immature animals (such as in-pouch joeys) may inhibit the energy transfer from the bolt 
making them harder to stun with a captive-bolt device compared with older animals which 
have much harder skulls. There may be an, as yet unknown, neuroprotective mechanism that 
protects joeys from concussive forces acting on the brain. At this stage this is speculation, but 
one that makes sense as in-pouch joeys are subjected to frequent accelerative and decelerative 
forces in the pouch when their mother is hopping. 

Conclusion 
We conclude that further and more detailed research is required to determine if captive-bolt stunning 
is effective, practical and a more acceptable alternative to the currently used methods. Due to the 
unknown cause or causes in preventing a successful stun we recommend that further research be done 
on anaesthetised kangaroo in-pouch joeys to reduce welfare compromise while these issues are 
investigated. We recommend that visual evoked potentials (VEP) and EEG should be used to assess 
the success or otherwise of a range of different captive-bolt guns at inducing insensibility. Once the 
optimal shot placement is ascertained from these data, as well as observations of bolt path and brain 
damage, then trials can progress to live animals. 
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Evaluation of the welfare impacts on 
kangaroo young-at-foot after separation 
from their mother  
Introduction 
One of the most controversial issues surrounding the commercial harvesting of kangaroos is the fate 
of orphaned young-at-foot after their mother has been shot. The welfare impacts on young-at-foot 
following a sudden and permanent separation from their mother are unknown. In this chapter we 
report the findings of research to determine if orphaned young-at-foot suffer in the days following 
separation, what sort of suffering they may experience and how it may be minimised. To do this we 
conducted a separation trial to assess the short-term welfare impacts of an abrupt and permanent 
separation between young-at-foot and their mothers. 

A defining characteristic of mammals is that females nurse and care for their young. The mother 
provides warmth or shelter, food, water, and immunological protection (for example, via colostrum) 
and in some instances, protection from predators and other conspecifics (Nowak et al., 2000). If care 
is removed the young can suffer poor welfare and death (Mellor & Stafford, 2004). 

Although the National Code of Practice for the Humane Shooting of Kangaroos and Wallabies for 
Commercial Purposes (Anon., 2008) states that, after a female has been shot, any young-at-foot must 
be euthanased with a “single shot to the heart or brain where it can be delivered accurately and in 
safety…” it is not known what proportion of orphaned young-at-foot are euthanased. It is possible that 
many are not euthanased but are left to fend for themselves. This is because the shooting of young 
joeys can be problematic. Shooters state that in some instances they don’t see young-at-foot or they 
flee before they can be euthanased (RSPCA Australia, 2002) and they can be difficult to kill because 
of the safety issues associated with shooting at close range. Additionally, some shooters believe that 
mobile joeys will survive and so they will release them rather than euthanase them (RSPCA Australia, 
2002). Contrary to this view, animal rights and animal welfare groups predict that orphaned young-at-
foot will suffer and die from starvation, dehydration or predation (Ben-Ami, 2009). There have been 
no objective studies on the fate of joeys that escape after their mother has been shot.  

If orphaned young-at-foot do suffer after their mother is shot—and we hypothesise that this is likely—
then the magnitude of this problem is very large. In a study of red kangaroos, 78.7% of 2528 mature 
females examined had pouch young and 21.5% of the females with pouch young also had a young-at-
foot (Frith & Sharman, 1964). In another study that examined the impact of harvesting on eastern 
grey, western grey and red kangaroos, Hacker et al. (2003) estimated that about 19% of all adult 
females would have a young-at-foot. A similar figure was found by Pople (1996) in a study on red 
kangaroos. Consequently, many females that are harvested are likely to have a young-at-foot. 

Based on these studies we can estimate the number of young-at-foot affected by commercial 
harvesting. For example, in New South Wales the long-term proportion of female kangaroos in the 
commercial harvest—determined from harvest returns 1999–2011—has been about 30% 5 (the 
proportion of females in the harvest declined in 2012 to 23.5%). Based on an estimate of the number 
of females shot in NSW in 1999–2012 (3,236,600), we estimate that over 600,000 females were shot 
                                                      

5Office of Environment and Heritage, (2012). Annual Report for the New South Wales Commercial 
Kangaroo Harvest Management Plan 2012–2016. 
http://www.environment.nsw.gov.au/wildlifemanagement/KMPAnnualReport2012.htm. Accessed 
22/09/2013 

http://www.environment.nsw.gov.au/wildlifemanagement/KMPAnnualReport2012.htm
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that were likely to have a young-at-foot, and the proportion of these young that were euthanased by 
shooters is unknown. However, data collected during observations for another part of this study 
indicate that the proportion of young-at-foot euthanased was likely to be low (Chapter 1). 
Furthermore, the current recommended practice of targeting females with no obvious or large pouch 
young is likely to exacerbate the problem since many females without large pouch young will have a 
young-at-foot. To fully understand what happens to these animals and to develop strategies to mitigate 
their suffering, we need to study the mode of suffering in a small number of individual animals. This 
approach is similar to that taken with research on the humaneness of farm animal management and 
slaughter techniques – it is necessary to inflict suffering on a few animals to prevent, or at least 
reduce, the suffering of many. 

Materials and Methods 

Experimental design 

In the absence of other studies on the welfare impacts on kangaroo young-at-foot following an abrupt 
and permanent separation from their mother, we formed two hypotheses relating to the short-term 
welfare impacts on young-at-foot following separation from their mother. Hypothesis 1 predicts that 
impact is immediately high and results in death in a short time. Hypothesis 2 predicts that the impacts 
do not result in death (in the short-term) but result in poor welfare due to stress and anxiety. 

Hypothesis 1: Separated young-at-foot have lower survival than young-at-foot still with their 
mothers. 

We hypothesised that all separated young-at-foot will become moribund6 within 3 days of being 
separated from their mother due to the impacts associated with separation. We have called this 
hypothesis ‘the lower survival hypothesis’. 

Hypothesis 2: The welfare of separated young-at-foot will be compromised following separation 
from their mother. 

A good state of welfare may be said to exist when the nutritional, environmental, health, behavioural 
and mental needs of an animal are met (Mellor et al., 2009). These have been termed the five domains 
of potential welfare compromise (Mellor & Reid, 1994; Mellor & Stafford, 2001). Thus, a young 
kangaroo with good welfare will be healthy and growing, will have positive emotional experiences 
during interactions with other animals and its environment and will display a range of natural 
behaviours, for example, resting, moving, grooming, drinking, foraging and playing. It will also adapt 
to changes without suffering. A young kangaroo in a poor welfare state could, for example, exhibit 
hunger, dehydration, disease, abnormal behaviour patterns, negative social interactions as well as fear, 
distress or anxiety.  

We predicted that young-at foot, after separation, will exhibit a change consistent with compromise in 
one or more of these five domains of welfare. Furthermore, we predicted that separated young-at-foot 
will not adapt to separation and will continue to show compromised welfare. We have called this 
hypothesis ‘the welfare compromise hypothesis’. 

To test the predictions of these hypotheses, we randomly allocated captured young-at-foot (with their 
mother) into 3 groups; i) control individuals that remained with their mother for the duration of the 
experiment (n = 4), ii) individuals separated for 1 day (n = 3), and iii) individuals separated for ten 
days (n = 3) referred to respectively as “control”, “1 day separation” and “10 days separation”.  

                                                      

6 The moribund condition is a clinically irreversible condition leading inevitably to death. 
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Study site 

The study site the University of New South Wales Fowlers Gap Arid Zone Research Station (latitude 
31.09º S, longitude 141.70º E), located 112 km north of Broken Hill in western New South Wales, 
Australia. The climate is arid with mild to hot temperatures and no distinct rainfall season (Meigs, 
1953). Rainfall is unreliable with an annual mean of 227 mm based on 120 years of recordings at the 
Broken Hill Stephen Creek Reservoir and with a coefficient of variation of about 50%. Summer 
daytime temperatures are hot (mean 35ºC) while nights are warm to mild (mean 20ºC). In winter, the 
daytime temperatures are mild to warm (mean 18ºC), while nights and early mornings are cool (mean 
5ºC). The mean diurnal range is about 13ºC. Frosts are common during the coldest winter months. 
The relative humidity is highest in winter (50–70%) and lowest in summer (25–35%). Mean 
evaporation (2300 mm) is much greater than mean rainfall for every month, and is approximately 10 
times average annual rainfall. 

The vegetation is representative of the shrub-steppe vegetation of southern arid Australia. Low 
shrublands of Atriplex vesicaria, Mairiana aphylla and Sclerolaena spp. form a broken mosaic of 
perennial vegetation. Interspersed between shrubs are perennial grasses such as Eragrostis setifolia 
and Astrebla pectinata and As. lappacea. The high evaporation rate and low rainfall have resulted in 
low, open communities of perennial vegetation that are floristically poor. 

There are four species of kangaroo at the study site, including the red kangaroo (Macropus rufus), the 
eastern grey kangaroo (M. giganteus), the western grey kangaroo (M. fuliginosus) and the euro (M. 
robustus erubenscens). The study site also supports large numbers of introduced generalist herbivores 
including sheep (Ovis aries), cattle (Bos taurus) and goats (Capra hircus). 

Kangaroo enclosure 

Observations on enclosed kangaroos were done in the ‘Emu Pen’. The Emu Pen is a 16 ha enclosure 
that is naturally vegetated with shrub-steppe vegetation typical of the region. It is surrounded by a 
2.4m fence that excludes all other mammals, including kangaroos. The pen is divided equally into 
eastern and western halves by a 2.4 m fence, similar to the boundary fence. The eastern half contains a 
centrally located 10 m high observation tower that provides views of all of areas in the enclosure 
(Figure 13–Figure 17). Kangaroos were kept in the eastern half for the duration of the experiment. A 
water trough provided a permanent source of water. Forage was naturally available in the enclosure 
and supplemental food was not provided. 
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Figure 13 The centrally located observation tower 

 

 

Figure 14 View of the Emu Pen from the tower 
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Figure 15 View from the observation tower of western grey kangaroos within the Emu Pen 
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Figure 16 Vegetation within the Emu Pen consisted on chenopod shrubs (mainly saltbush 
(Atriplex spp.) with forbs and grasses in the inter-shrub spaces. Scattered trees 
(Casuarina spp.) provided shade. 

  

 

Figure 17 Observations of behaviour were recorded on video camera or entered into a 
portable computer using the behaviour recording software JWatcher (Blumstein and 

Daniel, 2007). 
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Available forage 

Available forage was measured by clipping 0.25 m2 quadrats. All above-ground vegetation (excluding 
the woody stems, greater than 3mm in diameter, of shrubs and any vegetation greater than 1m above 
ground level) was clipped, placed in a paper bag, dried and weighed. Clipped forage per quadrat was 
converted to kg of forage per ha. Further details on the method can be found in McLeod (1996). 

Capture 

Ten free-ranging female western grey kangaroos (Macropus fuliginosus melanops) carrying large in-
pouch young (four females and six males) were captured using a dart gun (Telinject® Vario 3V) fitted 
with a red dot sight. The darts (Telinject® no. K2030V, 1mL, short-collared) contained a combination 
of anaesthetic and tranquiliser (Zoletil 100®, Virbac) at a dose rate 15 mg/kg (based on an estimate of 
average animal weight 25 kg). All captures were made in the late afternoon/evening between 1600 
and 2100.  

Once induction was confirmed in the darted female, the joey was removed from the pouch and placed 
in a pillowcase. An intramuscular (IM) injection of diazepam (Pamlin®, Parnell Laboratories, 5 
mg/ml) was then given to both the adult female (at a dose rate 1 mg/kg) and the joey (at a dose rate 2 
mg/kg). Each adult female and her joey were transported back to the laboratory where blood samples 
and a range of morphometric measurements were collected and body condition noted. Each adult 
female and her joey were fitted with matching high visibility coloured collars and a semi-permanent 
number symbol was painted on each flank using hair bleach (L’Oréal Super Blonde©). All females 
were also tagged with uniquely coloured ear tags (29 mm button tag, Allflex Australia Pty Ltd). Each 
adult female was given a 2 mL IM injection of a long-acting antibiotic, benzylpenicillin (Ilium 
Benacillin®, Troy, procaine penicillin 150 mg/mL, benzathine penicillin 150 mg/mL, procaine 
hydrochloride 20 mg/mL), and 0.5 mL of a topical antibiotic (Orbenin© Eye Ointment, cloxacillin 167 
mg/g) was rubbed into the skin in and around the dart wound to minimise the possibility of infection. 
An ophthalmic lubricating ointment (Allergen Lacri-lube©, eye ointment) was applied to the eyes to 
keep the cornea moist during anaesthesia. All animals had their heart rate, respiration rate and 
capillary refill time monitored regularly for the duration of sedation. The females were transported to 
the Emu Pen after dusk and observed continuously until they were able to stand. Joeys were held in 
pillowcases until their mother had recovered sufficiently from sedation and were then placed in the 
pen nearby so they could reunite. The following morning all of the joeys were observed to be within 
their mother’s pouch. 

The age of each joey was estimated (Supplementary materials, Table 24 and Table 25) using forearm 
length and the regression of forearm length against age based on data provided by Poole (1982). 

The ten mother/joey pairs were left undisturbed in the enclosure for seven weeks to allow the joeys to 
reach the stage of permanent pouch emergence and for all animals to acclimate to the pen. During this 
period they were checked daily and were observed to be feeding, watering and resting in lying-up 
sites. For approximately the last two weeks of this period no joeys were seen in the pouch and were 
presumed to be at the ‘permanent emergence’ or young-at-foot stage of development at the time the 
separations were performed. 

The separation of each mother and young pair was done sequentially, so that there was only one 
newly separated young-at-foot in the enclosure during a period of intensive observation following 
separation.  Females were separated from their young-at-foot in the early evening between 1900 and 
2000 hours. The chosen female was darted and once anaesthetised was removed to a kangaroo-proof 
holding pen located approximately 1 km away from the Emu Pen. The newly separated young-at-foot 
was observed continuously immediately following separation from its mother. Young-at-foot were 
killed at the conclusion of their observation period depending on the treatment group they were 
assigned to; i.e. 1 day after separation, 10 days after separation or at the end of the experiment for 
animals assigned to the control group. At the conclusion of the experiment adult females were 
released back into the wild. 
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The study was conducted with ethics approval from the NSW Department of Primary Industries 
Animal Ethics Committee (Animal Research Authority ORA 12/15/11) and under a New South Wales 
National Parks and Wildlife Service Scientific License, number S13024. 

 

Figure 18 Individual mother-young pairs had colour matched collars. Mothers were also ear-
tagged. Identifying numbers were bleached into the fur on each side of their body. 

 

Blood sampling 

A 6 mL blood sample was taken from each mother and joey within an hour of capture. The sample 
was divided equally into EDTA, lithium heparin and serum blood collection tubes. Whole blood, 
serum and plasma samples were sent to a veterinary pathology laboratory (Gribbles Veterinary 
Australia) for full blood examination, liver enzyme profile, cortisol, total protein and CPK, urea, 
creatinine and electrolytes (K, Na and Cl). Blood samples were again taken from each joey 
immediately after they were killed by shooting, and the same analyses were repeated. 

Behavioral measurements 

All observations were made using the focal-animal sampling method (Altmann 1974) with all 
behaviours recorded. Behaviours were categorised into 24 categories, with categories based on 
previous research of kangaroo behaviour (Croft 1980; Russell 1970) (Table 8). Observations were 
recorded directly into an event recorder (JWatcherTM V. 1.0) running on a netbook, or recorded on a 
video camera (videos were transcribed into JWatcher at a later date). Observations were made with 
the aid of binoculars (Nikon 10x70 IF HP WF), a spotting scope (Nikon Fieldscope III 20-60x60mm 
Spotting Scope), a spot light (Light Force 3000) and a night vision scope (NVA 7B HP-Night Vision 
Binoculars). Additionally, some behaviours were recorded using prepared datasheets and a digital 
voice recorder (Olympus WS-110 Digital Voice Recorder). 

Individuals in the “control” group were watched continuously for one day. Those in the “1 day 
separation” were watched continuously for one day, were then separated from their mother and 



 

68 
 

watched for another day. At the end of the day following separation they were killed by a shot to the 
brain, and blood and tissue samples were taken. Those in the “10 day separation” group were watched 
for one day and then separated from their mother. They were then watched continuously for three 
days, and again on the tenth day of separation. Following the tenth day they were killed, and blood 
and tissue samples were taken. For the duration of the experiment, all young-at-foot were observed 
opportunistically to assess if any deaths had occurred. 
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Table 8 Behaviour categories 

Behaviour Description 

Foraging  

foraging feeding on vegetation or manipulating food 

  

Alert  

moving alert running or hopping in an alert state 

standing alert standing erect or semi-erect and alert 

  

Aggressive encounters  

aggression by joey Pushing, hitting, chasing or biting another animal 

aggression by another Aggression directed at focal joey by another kangaroo 
(adult or joey) 

Vocalising  

vocalising staccato clicking or clucking 

  

Playing  

solitary play playing eg with objects & hopping away from mother 

social play playfully pawing cuffing kicking another animal 

  

Grooming  

grooming self-licking or scratching 

allogrooming by joey joey grooming another animal 

allogrooming by another joey is groomed by another animal 

licking self-licking or scratching 

  

Crouching and lying  

crouching relaxed posture forelimbs on or near ground 

lying lying down 

  

Other  

moving relaxed pentapedal walk or slow hopping in a relaxed state 

standing relaxed standing semi-erect may be scanning but not alert 

nose touching nose touching and or nose sniffing 

head in pouch head in mothers pouch to suckle or for comfort 

push at pouch nuzzling the pouch in an attempt to gain access 

urinating urinating 

digging digging or scratching surface of ground 

defecating defecating 

drinking water drinking free water or from trough 

out of sight animal cannot be seen 
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Post-mortem and histopathology 

Post-mortem examination was conducted within one hour of each joey being shot and samples of 
organs (kidney, adrenal glands, liver, heart, lung, smooth muscle, small intestine and large intestine) 
were placed in formaldehyde. Fixed tissue samples were sent to the NSW Department of Primary 
Industries’ Elizabeth MacArthur Agricultural Institute for examination by a veterinary pathologist. 

Statistical analysis 

All statistical tests were done using R for Windows, version 3.0.1 (R Core Team, 2013) and the 
package lme4 (Bates et al., 2013), which were used to fit linear and generalised linear mixed-effects 
models to the data. 

Physiological measures 

Linear mixed-effects models were used to examine the potential impacts of separation on the 
physiology of young-at-foot. A number of blood variables; neutrophil–lymphocyte ratio, plasma 
cortisol concentration, total white blood cell count, plasma protein, haematocrit, red blood cell count, 
haemoglobin, lymphocyte count and creatine kinase concentration, which were hypothesised to be 
sensitive to stress, were fitted to the fixed factors; treatment and stage. The factor treatment consisted 
of the levels “control”, “1 day separation” and “10 days separation”. The factor stage consisted of two 
levels: “initial sample” and “final sample”. Individual young-at-foot were included as a random 
factor. 

Behavioural measures 

Longitudinal data are repeated measurements on the same subjects taken over time. In the current 
study, we characterised the response over time within subjects (young-at-foot) and the variation in 
time trends between subjects in response to an abrupt and permanent separation. The response 
variables were based on seven behaviours: i) the proportion of time spent foraging, ii) the proportion 
of time spent in an alert state, iii) the number of vocalisations, iv) the number of aggressive acts 
directed toward the separated young-at-foot, v) the frequency of playing events, vi) the proportion of 
time spent grooming and vii) the proportion of time spent inactive (crouching and lying). The 
behaviours used in this study were chosen based on previous research into behavioural indicators of 
stress (Barnett & Hemsworth, 1990; Möstl & Palme, 2002; Rushen, 1991; Weary et al., 2008). 

We used the analysis routines in the behaviour recording and analysing software JWatcher 1.0 
(Blumstein & Daniel, 2007) to calculate time budgets and statistics regarding the frequency and 
duration of behavioural states and the intervals between them, and the frequency of behavioural 
events. All statistical tests were done using R for Windows, version 3.0.1 (R Core Team, 2013) and 
the package lme4 (Bates et al., 2013), which were used to fit linear and generalised linear mixed-
effects models to the data. In the models tested (Table 9) we used ‘Time’ (pre-separation, 24 hours 
post-separation, 48 hours post-separation etc.) and ‘Sex’ and ‘Age’ as fixed effects (interactions were 
not included) and individuals (young-at-foot, n=10) as random effects. Data that were converted to 
proportions of total time (time playing, time foraging and time alert) were arcsine-square root 
transformed prior to analysis. Count data (vocalisations and aggressive encounters) were analysed 
using the glmer function of the lme4 package and the errors were assumed to follow a Poisson 
distribution. For each response variable, multiple models were compared using an information-
theoretic approach, and the most plausible model(s) was chosen using AICc and the evidence ratio. 
For all models the weight of evidence (W) and evidence ratios (E) are presented. Additionally, 
estimates of fixed effects, the estimated standard errors of fixed effects, t-ratios (or z-ratios for 
generalised models) associated with fixed effects and the confidence intervals of fixed effects are 
presented for the most plausible model(s).  
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Table 9 Set of hypothesised models. Subscripts refer to the ith individual at the jth time. 

Model Static Predictors Fixed Effects Structure 
1 none 𝑦𝑖𝑗 = 𝛽0 

2 Time 𝑦𝑖𝑗 = 𝛽0 + 𝛽1�𝑡𝑖𝑚𝑒𝑖𝑗� 

3 Time, Sex 𝑦𝑖𝑗 = 𝛽0 + 𝛽1�𝑡𝑖𝑚𝑒𝑖𝑗� + 𝛽2(𝑠𝑒𝑥𝑖) 

4 Time, Age 𝑦𝑖𝑗 = 𝛽0 + 𝛽1�𝑡𝑖𝑚𝑒𝑖𝑗� + 𝛽3(𝑎𝑔𝑒𝑖) 

5 Time, Age, Sex 𝑦𝑖𝑗 = 𝛽0 + 𝛽1�𝑇𝑖𝑚𝑒𝑖𝑗� + 𝛽2(𝑠𝑒𝑥𝑖) + 𝛽3(𝑎𝑔𝑒𝑖) 

Note: For all models the random effect was 𝜀𝑖𝑗∗ = 𝑏0𝑖 + 𝜀𝑖𝑗 

Results 

Physiological measures 

There was no support for a treatment effect (i.e. “control” vs. “1 day separation” vs. “10 days 
separation”) in any of the blood variables examined. However, there was support for an effect of stage 
(“initial sample” vs. “final sample”) in three variables; neutrophil–lymphocyte ratio, white blood cell 
count and plasma protein concentration. In each case there was a drop in the value of the variables 
between the initial sample (i.e. at capture) and the final sample (i.e. at death). For the other dependent 
variables (plasma cortisol, haematocrit, haemoglobin, red blood cell count, lymphocyte count and 
creatine kinase) there was no support for the fixed factors treatment and stage as explanatory 
variables. However, one young-at-foot—J5 (Table 26) — was showing a different pattern after ten 
days compared with the other young-at-foot in the “10 days separation” treatment. Relative to the 
other young-at-foot in the same treatment, J5 had a substantial increase in creatine kinase 
concentration, a fall in haemoglobin and total white blood cell count, and a near doubling of the 
neutrophil–lymphocyte ratio. Although we should not read too much into the results of one individual, 
the results suggest that after ten days of separation, this individual’s physiological measures were 
consistent with signs of stress due to separation.  
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Figure 19 The neutrophil–lymphocyte ratio for ‘control’, ‘1 day separation’ and ‘10 day 
separation’ young-at-foot at capture (initial sample) and at death (final sample). 

 

Figure 20 Plasma protein concentration for ‘control’, ‘1 day separation’ and ‘10 day 
separation’ young-at-foot at capture (initial sample) and at death (final sample). 
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Figure 21 The white blood cell count (WBC) for ‘control’, ‘1 day separation’ and ‘10 day 
separation’ young-at-foot at capture (initial sample) and at death (final sample). 

 

Post-mortem examination and histopathology 

Post-mortem examination revealed that there was no visible mesenteric fat in young-at-foot at ten 
days post separation but mesenteric fat was present in all control and young-at-foot separated for one 
day. There was no obvious histological evidence of stress related abnormalities in any of the fixed 
tissues examined. The pathologist remarked that “there was no evidence of stress predisposing to the 
establishment of infectious diseases such as enteritis, septicaemia or pneumonia”. Nematodes were 
commonly present in the large intestine in both control and treatment animals. The pathologist also 
suggested that examination of lymphoid tissues (e.g. spleen, lymph node and thymus) would have 
been useful since follicular depletion has been reported in stressed animals; however these were not 
collected for assessment in these animals. 

Behavioural measures 

Foraging 

Model 1 had the greatest support amongst the models fitted to the proportion of time spent foraging 
(Table 10). There was no support for any model that included the explanatory variables ‘time’, ‘sex’ 
or ‘age’, with the next best model being more than 64 times less likely than Model 1. Young-at-foot 
spent about 30% of their time foraging prior to and after separation (Table 11 and Figure 22). In other 
words, there was no evidence that the proportion of time spent foraging changed as a result of 
separation. 

Table 10 Fit information for the hypothesised models fitted to the proportion of time spent 
foraging. AICc is the corrected Akaike information criterion, K is the number of 
parameters in the fitted model, ∆ is difference between each AICc and the smallest 
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AICc of the candidate models, W is the weight of evidence and E is the evidence 
ratio. 

Model AICc K ∆ W E 

1 -43.79 3 0.00 0.98 1.00 
2 -35.45 7 8.33 0.02 64.42 
3 -33.46 8 10.33 0.01 174.70 
4 -31.04 8 12.74 0.00 584.42 
5 -28.46 9 15.32 0.00 2124.60 

 
Table 11 Estimates for Model 1, proportion of time foraging. 

Effect Estimate Std. Error t-value 95%LCI 95%UCI 
Fixed 
Intercept 0.30163 0.01748 17.26 0.2659 0.3371 
Random 
Intercept 0.0 0.0    
Subject 0.007635 0.08738    
 

 

Figure 22 Proportion of time spent foraging by young-at-foot. 

 

Alert 

Table 12 shows that Model 2 had the best fit and Model 1 had the worst fit. The weight of evidence 
for Model 2 was 0.63, indicating that it accounted for the majority of the weight of evidence (W). The 
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sum of the probabilities for the first three models was 0.96, indicating very high plausibility for the set 
of Models 2, 4, and 3. All models in this set included the explanatory variable ‘time’, indicating that 
there were differences in the proportion of time spent either standing or moving alert, over the course 
of the experiment— following separation there was an initial increase, which then declined over the 
remaining days. Models 4 and 3 included the explanatory variables ‘age’ and ‘sex’ respectively. The 
fitted coefficients of both variables were negative, which indicates that younger individuals tended to 
be more alert than older individuals and females tended to be more alert than males (Table 13). 
Models 5 and 1 had a combined probability of 0.04. Model 5, which included both sex and age as 
explanatory variables, had virtually no support indicating that if ‘age’ was included as an explanatory 
variable then adding ‘sex’ did not provide more information (and vice-a-versa). 

Table 12 Fit information for the hypothesised models fitted to the proportion of time in an 
alert state. AICc is the corrected Akaike information criterion, K is the number of 
parameters in the fitted model, ∆ is difference between each AICc and the smallest 
AICc of the candidate models, W is the weight of evidence and E is the evidence 
ratio. 

Model AICc K ∆ W E 
2 -88.83 7 0.00 0.63 1.00 
4 -86.33 8 2.49 0.18 3.48 
3 -85.9 8 2.93 0.15 4.33 
5 -83.12 9 5.71 0.04 17.34 
1 -77.23 3 11.6 0.00 329.57 

 
Table 13 Estimates for Model 2, proportion of time in an alert state.  

Effect Estimate Std. Error t-value 95%LCI 95%UCI 
Fixed 
Intercept 0.06386 0.00871 7.335 0.04897 0.07996 
1 day post-
separation 

0.06294 0.01325 4.752 0.03883 0.08877 

2 days post-
separation 

0.01750 0.01720 -2.950 -0.01970 0.04977 

3 days post-
separation 

-0.02854 0.01720 -1.659 -0.06233 0.00222 

10 days post-
separation 

-0.05074 0.01720 -2.950 -0.08589 -0.01310 

Random 
Intercept 0.0006316 0.02513  
Subject 0.0001263 0.01124 

 
Compared to pre-separation behaviour, there was an increase in the proportion of time spent ‘Alert’ in 
the first 24 hours following separation. Table 13 indicates that the proportion of time spent ‘Alert’ 
nearly doubled following separation but declined in days 2 and 3 post-separation, to a level that was 
similar to pre-separation. The upper and lower 95% confidence intervals for days 2 and 3 post-
separation include 0, indicating that they were similar to the pre-separation level. After 10 days 
‘Alert’ behaviours were lower than during pre-separation (Figure 23).  
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Figure 23 Proportion of time spent in an ‘Alert’ state per day. (Includes ‘Standing alert’ and 
‘Moving alert’). 

 

Vocalisations 

Support for the models fell into three groups; Models 4 and 2 had the greatest plausibility, Models 3 
and 5 were plausible but had less support than the first group, while Model 1 had no support (Table 
14). Models 4 and 2 had similar levels of support and the evidence ratio for Model 2 vs. 4 was 1.09. 
Model 1 had the worst fit and had essentially no support. The weight of evidence for Model 4 was 
0.44 and for Model 2 was 0.40, indicating that together they accounted for the majority (0.84) of the 
weight of evidence. Models 3 and 5 had a combined weight of evidence of 0.16, and even though they 
had evidence ratios of 4.56 and 6.45 respectively, relative to Models 4 and 2 they have only a 
moderate level of support. All models in these sets included the explanatory variable ‘time’, 
indicating that there were differences in the number of vocalisations each day compared with the 
number prior to separation. Model 4 included the explanatory variables ‘age’ in addition to ‘time’. 
The fitted coefficient of ‘age’ was negative, which indicated that younger individuals tended to 
vocalise more than older individuals (Table 15).  
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Table 14 Fit information for the hypothesised models fitted to the vocalisation dataset. AICc 
is the corrected Akaike information criterion, K is the number of parameters in the 
fitted model, ∆ is difference between each AICc and the smallest AICc of the 
candidate models, W is the weight of evidence and E is the evidence ratio. 

Model AICc K ∆ W E 

4 307.8 7 0.00 0.44 1.00 

2 307.9 6 0.17 0.40 1.09 

3 310.8 7 3.04 0.10 4.56 

5 311.5 8 3.73 0.07 6.45 

1 822.8 2 515.05 0.00 6.94e+111 

 
Table 15 Estimates for Model 4, number of vocalisations.  

Effect Estimate Std. Error z-value 95%LCI 95%UCI 
Fixed 
Intercept 6.495 2.541 2.556 1.9646 11.8700 
1 day post-
separation 

3.277 0.2336 14.030 2.8539  3.7523 

2 days post-
separation 

3.165 0.2413 13.116 2.7648  3.6458 

3 days post-
separation 

2.637 0.2482 10.626 2.2069  3.1555 

10 days post-
separation 

1.919 0.2651 7.239 1.4349  2.4453 

Age -0.0178 0.00804 -2.212 -0.03506 -0.003309  
Random      
Intercept 0.2358 0.4856  
 

Compared to pre-separation behaviour, there was an increase in vocalisations following separation, 
peaking at greater than 80 vocalisations on average 1-2 days after separation (Figure 24). Although 
the number of vocalisations had declined by ten days, the number was still greater than pre-separation. 
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Figure 24 Number of vocalisations per day. 

 

Aggressive encounters 

Prior to separation, young-at-foot had very few aggressive acts directed towards them. After 
separation there was an increase in the number of aggressive acts directed towards separated young-
at-foot (mostly by the adult females but also by the other young-at-foot) and this remained higher than 
the pre-separation level for the duration of the experiment. Table 12 shows that Model 3 had the best 
fit and Model 1 had the worst fit. The weight of evidence for Model 3 was 0.45, indicating that it 
accounted for slightly less than half of the weight of evidence. The sum of the probabilities for the 
first three models was 0.90, indicating high plausibility for the set of Models 3, 5, and 2. All models 
in this set included the explanatory variable ‘time’, indicating that there were important differences in 
the number of aggressive acts directed at separated young-at-foot over the course of the experiment. 
Additionally, Model 3 included the explanatory variable ‘sex’, while Model 5 included the 
explanatory variables ‘age’ and ‘sex’. The fitted coefficients of the variables ‘sex’ and ‘age’ indicate 
that males and younger individuals had more aggressive acts directed toward them than females and 
older individuals (Table 13Table 13). However, the confidence interval for ‘age’ in Model 5 included 
0 (�̂�3(𝑠𝑒𝑥𝑓) = -0.00951, 95% lower CI = -0.0197, 95% upper CI = 0.0033) which suggests it was a less 
important predictor than ‘sex’. 
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Table 16 Fit information for the hypothesised models fitted to the number of aggressive acts 
directed toward a separated young-at-foot. AICc is the corrected Akaike 
information criterion, K is the number of parameters in the fitted model, ∆ is 
difference between each AICc and the smallest AICc of the candidate models, W is 
the weight of evidence and E is the evidence ratio. 

Model AICc K ∆ W E 
3 156.18 7 0.00 0.45 1.00 
5 157.29 8 1.11 0.26 1.74 
2 157.95 6 1.77 0.19 2.43 
4 159.27 7 3.08 0.10 4.67 
1 205.78 2 49.60 0.00 5.89e+10 

 
Table 17 Estimates for Model 3, number of aggressive encounters.  

Effect Estimate Std. Error z-value 95%LCI 95%UCI 
Fixed 
Intercept -0.0632 0.3088 -0.204 -0.7141  0.5034 
1 day post-
separation 

1.683 0.3038 5.539 1.1159 2.3164 

2 days post-
separation 

2.112 0.3152 6.703 1.5177 2.7636 

3 days post-
separation 

2.112 0.3152 6.703 1.5177 2.7636 

10 days post-
separation 

1.362 0.3611 3.773 0.6552 2.0855 

Sexmale 0.598 0.2115 2.828 0.1731 1.0490 
Random 
Intercept 1.041e-18 1.02e-9  
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Figure 25 The number of aggressive acts by other females and joeys towards separated 
young-at-foot. 

 

Playing 

There was some support for all the fitted models. The best model was Model 2, which only included 
‘time’ as an explanatory variable. However, there were two other model (Models 3 and 4) which were 
plausible (∆AICc of 1.49 and 3.89, respectively), while Model 1’s ∆AICc was only slightly less 
support with an ∆AICc of 4.08 (Table 18). Thus, there was no single model that had clearly more 
support than the others. 

Prior to separation young-at-foot spent were involved in an average of 8.6 play events, including 
solitary and social play, per day.  

After separation the variance in the proportion of time spent playing declined but there was support in 
the fitted models that there was a decline in the mean (Figure 26). Of the models fitted Model 1 
(Table 19) had the most support and accounted for almost all of the weight of evidence (0.94). The 
other models were considered implausible since they had virtually no support (Table 18). 
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Table 18 Fit information for the hypothesised models fitted to the frequency of play events. 
AICc is the corrected Akaike information criterion, K is the number of parameters in 
the fitted model, ∆ is difference between each AICc and the smallest AICc of the 
candidate models, W is the weight of evidence and E is the evidence ratio. 

Model AICc K ∆ W E 

2 158.11 6 0.00 0.44 1.00 

1 158.98 2 0.87 0.28 1.55 

3 159.75 7 1.63 0.19 2.26 

4 161.98 7 3.87 0.06 6.92 

5 164.09 8 5.98 0.02 19.88 

 
Table 19 Estimates for Model 2, frequency of play events. 

Effect Estimate Std. Error z-value 95%LCI 95%UCI 
Fixed 
Intercept 1.8580 0.2866 6.482 1.534 2.544 
1 day post-
separation 

-0.3657 0.1990 -1.837 -0.6914 0.04521 

2 days post-
separation 

-0.4936 0.3300 -1.496 -1.0381 0.1434 

3 days post-
separation 

-0.2860 0.3074 -0.930 -0.8260 0.1434 

10 days post-
separation 

-1.6723 0.5314 -3.147 -2.1463 -0.5055 

Random 
Subject 0.6657 0.8159  
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Figure 26 Frequency of play events, either solitary or with other individuals. 

 

Grooming 

Model 2 had the most support and had an evidence ratio four times greater than the next best model, 
Model 3 (Table 20). However, there are 4 models that were supported by the data; Models 2, 3, 4 and 
1. With the exception of Model 1, the first 3 models in this group indicate that the factor ‘Time’ was 
an important variable for explaining variation in the proportion of time spent grooming by young-at-
foot. The coefficients of the factor ‘Time’ were all negative and their confidence intervals did not 
include 0, which indicated that post-separation there was a consistent drop in the proportion of time 
spent grooming by separated young-at-foot (Table 21 and Figure 27). 

 

Table 20 Fit information for the hypothesised models fitted to the proportion of time 
grooming. AICc is the corrected Akaike information criterion, K is the number of 
parameters in the fitted model, ∆ is difference between each AICc and the smallest 
AICc of the candidate models, W is the weight of evidence and E is the evidence 
ratio. 

Model AICc K ∆ W E 
2 -119.79 7 0.00 0.57 1.00 
3 -117.01 8 2.79 0.14 4.03 
4 -116.95 8 2.84 0.14 4.14 
1 -116.85 3 2.95 0.13 4.36 
5 -113.74 9 6.06 0.03 20.66 
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Table 21 Estimates for Model 2, proportion of time spent grooming. 

Effect Estimate Std. Error t-value 95%LCI 95%UCI 
Fixed 
Intercept 0.05326 0.006769 7.868 0.03918 0.06622 
1 day post-
separation 

-0.02049 0.005226 -3.921 -0.03089 -0.00941 

2 days post-
separation 

-0.02285 0.006917 -3.303 -0.03652 -0.00854 

3 days post-
separation 

-0.01705 0.006917 -2.464 -0.02953 -0.00405 

10 days post-
separation 

-0.02788 0.006917 -4.030 -0.04167 -0.01340 

Random 
Intercept 0.000373 0.01932  
Subject 0.0000851 0.009224 
 

 

Figure 27 Proportion of time spent grooming by separated young-at-foot. 

 

Crouching and lying 

Support for the models fell into three groups; Model 1 and 2 received the greatest support, followed 
by Models 4 and 3. Model 5 was not supported by the data. There was only a small difference 
between Models 1 and 2 as ∆AICc was only 2.45 (Table 22). Accepting Model 1 suggests that the 
factor ‘Time’ was not important and that young-at-foot did not change the amount of time they spent 
inactive after they were separated from their mother (Table 23 and Figure 29). The results for Model 2 
suggest that the amount of time spent inactive increased slightly after separation. Therefore, there is 
some evidence for an increase in inactivity after separation but support is not strong. 
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Table 22 Fit information for the hypothesised models fitted to the frequency of play events. 
AICc is the corrected Akaike information criterion, K is the number of parameters in 
the fitted model, ∆ is difference between each AICc and the smallest AICc of the 
candidate models, W is the weight of evidence and E is the evidence ratio. 

Model AICc K ∆ W E 
1 -19.38 3 0.00 0.73 1.00 
2 -16.92 7 2.45 0.21 3.41 
4 -13.07 8 6.31 0.03 23.46 
3 -12.65 8 6.73 0.03 28.92 
5 -8.22 9 11.16 0.00 265.21 

 
Table 23 Estimates for Model 1, proportion of time spent inactive (crouching and lying). 

Effect Estimate Std. Error t-value 95%LCI 95%UCI 
Fixed 
Intercept 0.25693 0.03573 7.191 0.1839 0.3212 
Random 
Intercept 0004867 0.06977  
Subject 0.01650 0.12845 
 

 

Figure 28 Proportion of time spent inactive, either crouching or lying. 
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Available forage 

There was 814 kg.ha-1 of forage in the Emu Pen at the end of the observations. This amount of pasture 
is in the highest quartile of pasture biomasses recorded in the region (Edwards, 1990; McLeod, 1996; 
Robertson, 1987; Short, 1986), and suggests that the kangaroos were unlikely to be food limited by 
pasture biomass.  
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Discussion 
The early relationship between kangaroo mother and young is essential for the survival of the young. 
Care of young is carried out solely by the mother and as the young progresses from birth to weaning, 
maternal behaviour changes from predominately caring for it—by keeping it warm, providing milk 
and maintaining close contact—to promoting its independence (Russell, 1989). Studies and 
observations of the relationships and behaviour of mother kangaroos and their young have been 
carried out in the wild on red kangaroos (Croft, 1980), euros (Ashworth, 1995; Croft, 1981) eastern 
grey kangaroo (Coulson, 1997; Kaufmann, 1975; Stuart-Dick, 1987) and western grey kangaroos 
(Coulson, 1997) and in captivity on red kangaroos (Russell, 1989, 1973, 1970) and eastern and 
western grey kangaroos (Coulson, 1997). Although there can be large individual differences between 
different mother-young pairs in the level of interaction between the two and in the timing of 
behavioural development of the young (Russell, 1973), there is little doubt that the bond between 
mother and young is strong and important. 

This experiment studied the short-term welfare impact of a sudden and permanent separation of 
western grey kangaroo young-at-foot from their mother. The study used intensive observation of 
behaviour, post-mortem and fixed-tissue sample examination and measurement of physiological 
indices to assess welfare impact.  

For domestic animal farms, the young of mammalian species are usually separated abruptly and 
permanently from their mothers at a relatively young age, often prior to the time of natural weaning 
(Newberry & Swanson, 2008). In natural populations of kangaroos, weaning and dispersal is usually a 
gradual process (Bilton & Croft, 2004). Offspring faced with an abrupt and permanent separation 
from their mother at a young age need to adapt quickly from a diet supplemented with milk and 
maternal care to a solid diet, a new social environment, and loss of maternal contact, all of which can 
cause behaviours associated with negative affect (or emotion) (Newberry & Swanson, 2008). 

The lower survival hypothesis 

The hypothesis that young-at-foot will become moribund (and maybe die) within three days of 
separation was rejected. None of the young-at-foot became moribund within three days of being 
separated from their mother, and all survived for ten days (when the experimental treatment was 
concluded), although the youngest young-at-foot (J5, Table 26) was showing signs of unusual 
behaviour and severe physiological dysfunction (e.g. anaemia) after being separated for ten days. We 
believe that it was likely that this individual would have died within the following weeks if the 
experiment had continued. 

The welfare compromise hypothesis 

To assess the potential welfare impact of maternal separation on kangaroo young-at-foot, we used a 
framework similar to that developed by Mellor and Reid (1984) to assess the impact of experimental, 
teaching and testing procedures on animals and also adapted by Sharp and Saunders (2011, 2008) to 
assess the humaneness of pest animal control methods. This approach takes the original five freedoms 
formulated by the UK Farm Animal Welfare Council (Anon, 1992) but transforms them into ‘domains 
of potential compromise’ and redefines them to better emphasise the extent of welfare compromise 
rather than the ideal of absence of compromise. The five domains are (Figure 29): 

• Domain1: Water deprivation/food deprivation/malnutrition 
• Domain 2: Environmental challenge 
• Domain 3: Disease/injury/functional impairment 
• Domain 4: Behavioural or interactive restriction 
• Domain 5: Anxiety/fear/pain/distress 
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The first four domains represent physical components of welfare compromise and the fifth domain 
includes mental components such as anxiety, fear, sickness, pain, thirst and hunger. Compromise in 
the first four domains will be usually registered in welfare terms in the fifth domain, which represents 
the components of suffering. 

 
Figure 29 Potential welfare impacts in the 5 Domains (after Mellor & Reid, 1994; Mellor & 

Stafford, 2001; D. J. Mellor et al., 2009). 
 

Domain 1: Nutrition – water deprivation, food deprivation, malnutrition 

The effects of disruption in the nutritional domain could range from undernutrition (insufficient food) 
and malnutrition (not getting an appropriate diet), to starvation (complete lack of food) and/or 
dehydration (insufficient water). It has been hypothesised that orphaned kangaroo young will be 
severely affected by the sudden lack of milk from their mother and ultimately lead to many starving 
(Croft, 2004). However, the impact on young will vary depending on the age of the joey when it is 
orphaned and the environmental conditions at the time. 

Much of the research on the physiology and nutritional requirements of young-at-foot and juvenile 
kangaroos has been done on red kangaroos by Munn and Dawson (2004, 2003a, 2003b). This research 
has contributed to our knowledge on why young-at-foot and weaned kangaroos have the highest 
mortalities during drought conditions compared with other age classes. During this stage of 
development, joeys require high levels of digestible energy to sustain rapid rates of growth. 

Studies of red kangaroos have shown that survival of all age classes, including pouch young and 
young-at foot, is linked to feed and water availability, which, in turn are influenced by environmental 
factors (Frith & Sharman, 1964; Newsome, 1966). Red kangaroo young-at-foot have growth rates 
averaging 50-60 grams per day under ideal conditions (Frith & Sharman, 1964; Munn & Dawson, 
2003a). To sustain this level of growth, young-at-foot and weaned red kangaroos require total 
digestible energy intakes approaching 70% of that required by mature non-lactating females despite 
being having a much smaller body mass (only 20-25% of a female). 

The actual age from which the young of each species of kangaroo can survive without milk is 
unknown, but Munn and Dawson (2003b) predicted that near-weaned red kangaroo young-at-foot can 
survive if high quality forage is available. However, young-at-foot are less likely to meet their 
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nutritional requirements, which are high due to their requirements for growth and metabolism, if high 
quality forage is not available. 

Since the process of weaning is a gradual process, we can presume that any sudden cessation of milk 
will have some negative effects and that these are likely to be less severe the closer the young is to 
weaning. Young that are still at the ‘in and out of the pouch’ stage will still be suckling and deriving a 
larger proportion of their energy requirement from milk than young-at-foot closer to being weaned. 
Once joeys have reached the stage of permanent emergence from the pouch they will be suckling less 
and gaining most of their nutritional needs from foraging. 

Although the studies of Munn and Dawson provide information on the nutritional importance of milk 
to older at foot joeys it does not provide insight into the effect of the termination of suckling bouts. 
The aim of suckling may not always to be to gain nutrition. Non-nutritive bouts of suckling have been 
observed where young-at-foot place their head in the mothers pouch for short periods (Russell, 1970). 
In other species non-nutritive suckling plays a comforting role (Dwyer, 2009; Waiblinger et al., 
2004). This aspect of sudden cessation of suckling will be further discussed under Domains 4 and 5. 

Energy intake from foraging is normally supplemented by mother’s milk but suckling declines from 
permanent pouch emergence until weaning (Tyndale-Biscoe, 1973). Juvenile red kangaroos are totally 
dependent on forage by around 360 days old (Munn & Dawson, 2004) and eastern and western greys 
by about 550 days of age (Dawson, 2012). 

Young-at-foot suffering from dehydration, under-nutrition or malnutrition would be expected to show 
some physiological or behavioural effects. For example, we might expect that a nutritional shortfall 
would bring about an increase in foraging activity, such that foraging became a larger proportion of an 
individual’s daily activities. We found that there was no change in the proportion of time young-at-
foot spent foraging per day after they had been separated from their mother. However, there was 
plentiful forage available and young-at-foot were unlikely to have been food limited by the amount of 
available pasture. Additionally, we might have expected that physiological variables, such as total 
plasma protein, would decrease if young were starving (Berg et al., 2002). With the exception of J5, 
there was no evidence that total plasma protein concentrations were related to separation. However, 
we did note that young-at-foot separated for 10 days had no mesenteric fat, while all young in the 
control and 1 day separation groups had mesenteric fat. This difference cannot be attributed to lack of 
available forage, since pastures availability was high. This provides some, correlative, evidence that 
individuals separated for longer were using their fat reserves. 

Taking into account the difference in sex and starting age of each young-at-foot, we found that there 
was no evidence of separation reducing growth rate or final body weight of young-at-foot. It remains 
to be determined if longer separation results in a reduction in body condition, growth rate or weight. 

Domain 2: Environment – Challenging environmental conditions 

Exposure to challenging environmental conditions (e.g. low environmental temperatures) can lead to 
adverse welfare impacts if the animal cannot mount the required adaptive physiological responses or 
if the challenges are so severe that it is beyond the animal’s physiological adaptive capacity to cope. 
The extent to which these negative impacts compromise welfare will depend on the age of a young-at-
foot at the time they are orphaned, with younger joeys likely to suffer more that older young-at-foot or 
weaned joeys when exposed to extremes of hot or cold temperatures. 

To determine the potential impacts of exposure to challenging environmental conditions on orphaned 
young we need to we need to understand how they would normally cope. There are major differences 
in the energy needs and thermoregulatory physiology of juvenile kangaroos compared with adults 
(Munn & Dawson, 2001). When still confined to the pouch, thermoregulation is not well-developed 
and young are reliant on the mother to regulate their deep body temperature. Even when they at the in-
out stage of development, the young kangaroo is unable to maintain its deep body temperature for 
long periods out of the pouch and returns to it for warmth (Frith & Sharman, 1964; Sharman et al., 
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1964). Joeys at the young-at-foot stage—whilst no longer requiring the pouch environment to 
maintain body temperature—are still considered physiologically “different” to adults. Work done by 
Munn and Dawson (Munn & Dawson, 2001) showed that, consistent with most young mammals, 
young-at-foot red kangaroos have a resting metabolism that is relatively much greater than adults. 
They have a higher requirement for energy and water and this has implications for how kangaroo 
young maintain their deep body temperature under thermal extremes. 

During the experiment reported here, environmental extremes were not experienced. Consequently, 
we were not able to provide data on the extent of negative welfare impact in this domain. 

Domain 3: Health – disease, injury, functional impairment 

Impairment of neuroendocrine response to stress is affected by early weaning 

Although the process of normal weaning can cause an increase in serum corticosterone, levels can 
remain elevated for a longer time in animals that are weaned prematurely. In mice that were weaned 
early (at 14 days post birth), corticosterone levels remained elevated for up to 48 hours after weaning 
compared to only 1 hour in mice that were weaned at the normal weaning age of 21 days (Kikusui & 
Mori, 2009). There may also be a gender difference in the response to early weaning. In studies of 
early weaning on laboratory rodents, male rats and mice were more vulnerable to early weaning stress 
than females (Kikusui & Mori, 2009). 

In the kangaroo young-at-foot we found no evidence of increased levels of serum cortisol following 
separation, although the initial sample, which was taken just after capture, may have confounded the 
result if stress caused by capture resulted in elevated serum cortisol concentration. Measurement of 
corticosterone metabolites in faeces may overcome this confounding factor since stressors that cause 
an increase in serum cortisol take time to be metabolised and excreted. This could be an avenue for 
future research. 

Impaired immune function 

Neutrophil–lymphocyte ratios have been used in studies that examine the response of vertebrates to 
short-term and long-term stress (Davis et al., 2008; Johnstone et al., 2012). Higher neutrophil–
lymphocyte ratios are often associated with elevated levels of glucocorticoid in response to a stressor 
(Davis et al., 2008) however the results can be difficult to interpret (Gross & Siegel, 1983; Johnstone 
et al., 2012). Higher neutrophil–lymphocyte ratios have been recorded in abruptly weaned wapiti 
calves compared with interval weaned animals (Church & Hudson, 1999). Increases in neutrophil–
lymphocyte ratios have been seen after abrupt weaning in bovine calves (Hickey et al., 2003). Hickey 
et al. (2003) also found that abrupt weaning (including social group disruption and maternal 
separation) in bovine calves increased plasma cortisol and noradrenaline concentrations.  

With our study we did not detect an increase in neutrophil–lymphocyte ratio in blood samples taken 
from young-at-foot at 24 hours and 10 days post separation. However, we did observe that the 
neutrophil–lymphocyte ratio was higher in samples from treatment and control animals collected post 
capture compared with those collected at death. This was also the case with white blood cells—counts 
were higher post capture and lower in the samples collected at death from both treatment and control 
animals. This pattern may indicate a stress response in joeys to capture and handling but also 
highlights the need to take care when interpreting signs of poor welfare based on physiological 
measurements (Broom & Fraser, 2007). This is especially so when reference ranges have not been 
established for the species and age of animals under study and when confounding factors such as 
stress associated with capture, timing of blood sample collections, and interaction of short and long 
term stress responses might influence the variables being measured. 
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Domain 4: Behaviour – individual, group or interactive restrictions 

An abrupt and permanent separation deprives young of affiliate behaviour and interactions with their 
mother. Among all mammalian species, young are highly dependent on their mother for not only 
nutrition, but also for physical interaction (Newberry & Swanson, 2008). 

Changes in behaviour are most informative when they are associated with clear fitness costs for the 
animal (Weary et al., 2009). Changes in normal behaviour may increase the incidence of risky 
behaviours that put the young at some increased danger. We observed an increase in risky behaviours, 
such as separated young-at-foot repeatedly approaching adult female kangaroos and an increase in the 
number of vocalisations, which may alert predators. 

Social facilitation with other animals (i.e. other females, young-at-foot) may help to reduce the impact 
of losing one’s mother. This is thought to be one of the reasons that ‘interval weaning’ of farmed 
animals (where young are left in a familiar paddock and mothers removed a few at a time, slowly and 
to a nearby paddock prior to permanent separation) is less stressful compared to ‘abrupt weaning’ 
(where young are permanently separated from their mother and placed in a pen and then a different 
(novel) paddock a far distance away) (Church & Hudson, 1999; Haley et al., 2005). Our results 
indicate that social facilitation included some negative welfare impacts, such as an increase in 
aggressive encounters with other individuals. 

Separated young-at-foot were more frequently the recipients of aggressive acts from others after 
separation. In particular, adult females would act aggressively in response to an approach by a young-
at-foot that was not her own. Aggressive behaviours such as biting or striking with forearms or feet 
were common. We cannot be sure of the motivation for separated young-at-foot to approach other 
adult females, but was likely to be similar to the motivations of non-separated young-at-foot, namely 
hunger and non-nutritive physical interaction. However, not all approaches to adult females resulted 
in aggression toward the separated young-at-foot. On two separate occasions, we observed two 
separated joeys with their head in the pouch of another female. It was unclear if the young-at-foot 
were suckling or placing their head into the pouch of the female for comfort, which has been observed 
in captive kangaroos. Russell (1989) observed that tammar wallaby (Macropus eugenii) young-at-foot 
would place their head into their mother’s pouch, especially after a short excursion. Russell thought 
that this behaviour had no nutritive value to the young-at-foot, since it did not suckle, but interpreted 
it as the young simply seeking contact with its mother and the pouch. Nevertheless, most approaches 
by separated young-at-foot toward other adult females were not welcomed. 

Vocalisation (or an increase in vocalisation) has been observed in a number of species when they have 
been weaned at an age earlier than normal or when they are abruptly weaned. Abrupt and sudden 
weaning in domestic animals, such as piglets and calves, can result in high levels of distress 
vocalizations and activity (Weary et al., 2008). In farmed wapiti (Cervus elaphus), a study to compare 
the effects of abrupt and interval weaning, found that calves that were abruptly weaned spent longer 
periods vocalising (Church & Hudson, 1999). We found that separated young-at-foot greatly 
increased the frequency of vocalisations, especially in the first two days following separation. 

Domain 5: Mental state – unpleasant or noxious experiences 

Breaking the mother-young bond can result in significant emotional distress and can have long-term 
consequences for the development of mammalian young (Newberry & Swanson, 2008). There are 
similarities in behavioural responses, neuroanatomy and neuropharmacology across mammal taxa 
(Dawkins, 2006; Panksepp, 2003), so we may assume that non-human mammals also experience 
negative affective states after separation from maternal care in a similar way to humans. Some 
animals cope poorly with separation, and in some cases this has resulted in depressed immunity or 
cognitive impairment (Boccia et al., 1997). Separated young show a range of responses including 
altered feeding and sleeping patterns, suspension of play, distress, fear, anxiety and elevated stress 
hormone levels (Cirulli et al., 1996; Donaldson et al., 2002; Koolhaas et al., 1997). 
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We found that the short-term response of western grey young-at-foot to an abrupt and permanent 
separation from maternal care was correlated with an increased frequency of vocalisations, a marked 
increase in aggressive acts directed toward the separated young-at-foot and a reduction in the 
proportion of time spent grooming. There was equivocal support for an increase in inactivity 
following separation and a reduction in the frequency of play events. The data did not support the idea 
that the proportion of time spent foraging was affected by separation, although there was some 
evidence that the young-at-foot separated for the longest were showing signs of a nutritional shortfall 
(absence of mesenteric fat). We also found no evidence of stress related pathology or changes in 
physiological indices (e.g. stress hormones) as a result of short-term separation, although what 
happens in the long-term remains to be seen. 

Although the role of social learning in nature remains poorly understood (Thornton & Clutton-Brock, 
2011) it is likely to increase mean fitness. Whilst there may not be any studies that provide 
compelling evidence for social learning in kangaroos at an ecological or population level it is likely 
that young animals benefit from the knowledge and experience of their mother. Ashworth (1995) 
suggests that female offspring of euros (Macropus robustus erubescens) may learn from their mothers 
the location and distribution of food resources as well as the location of refuges and shelters and even 
mothering skills. If learning is important, separated young will be denied the opportunity to learn from 
their mother. If biological fitness, defined as lifetime reproductive success, is impaired then welfare is 
compromised (Broom, 1991). In the context of the welfare of young-at-foot, if a separated young-at-
foot’s lifetime reproductive success is impaired because it has lost the opportunity to learn from its 
mother, then its welfare too is compromised. 
 
Conclusion 

Although not all changes reported in other species were observed for the separated young-at-foot in 
this study, the changes we detected provide sufficient evidence to conclude that maternal separation 
causes a negative welfare impact. It was in Domains 4 and 5 that we observed the greatest 
compromise, which indicates that, in the short-term, the mental state of young-at-foot is highly 
affected by an abrupt and permanent separation from maternal care. 

The other domains— nutritional, environmental and health—are likely to be affected by longer-term 
separation. It is likely to take more than ten days for responses in these domains to become evident; 
however there were some indications that changes were already starting to occur. 
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Supplementary materials 
Table 24 Predicted age of females (days) based on a regression of forearm length vs. age 

(Poole et al., 1982). 

Animal Predicted age Lower 95% CI Upper 95% CI 
J1 300 293 306 
J2 328 321 334 
J4 344 337 351 
J8 338 331 346 
 

Table 25 Predicted age of males (days) based on a regression of forearm length vs. age 
(Poole et al., 1982). 

Animal Predicted age Lower 95% CI Upper 95% CI 
J3 346 343 348 
J5 294 292 297 
J6 310 308 313 
J7 310 308 313 
J9 297 294 299 
J11 332 329 335 
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Table 26 Haematology and serum biochemistry for separated and control joeys 
 Separated 24 hours Separated 10 days Not separated 

Parameter Reference 
range 

Joey 3 Joey 7 Joey 11 Joey 4 Joey 5 Joey 6 Joey 1 Joey 2 Joey 8 Joey 9 

initial final initial final initial final initial final initial final initial final initial final initial final initial final initial final 

Hct (L/L) 0.47 ± 
0.07 

0.43 0.46 0.45 0.40 0.43 0.45 0.44 0.47 0.39 0.26 0.44 0.49 0.42 0.46 0.41 0.46 0.40 0.46 0.43 0.40 

RBC (x1012/L) 5.2 ± 0.8 4.87 5.59 4.95 4.69 4.88 5.49 5.12 5.73 4.69 3.29 5.38 6.32 4.84 5.50 4.79 5.60 4.74 5.44 4.84 4.84 

Hb (g/L) 166 ± 27 151 160 155 140 146 159 151 161 133 89 152 168 142 162 143 162 138 158 147 135 

MCV (fL) 90 ± 9 89 82 90 86 87 81 86 82 83 77 81 77 87 84 85 82 84 84 89 82 

MCH (pg) 33 ± 3 31.0 29.0 31.0 30.0 30.0 29.0 29.5 28.0 28.0 27.0 28.0 27.0 29.0 29.0 30.0 29.0 29.0 29.0 30.0 28.0 

MCHC (g/L) 361 ± 25 350 350 348 346 342 357 342 342 342 350 348 347 337 350 349 352 346 347 344 340 

WBC (x109/L) 6.60 ± 
2.45 

4.0 1.1 1.8 0.9 2.0 1.3 4.6 1.9 3.0 0.9 3.1 3.2 2.6 0.7 4.5 4.1 3.9 1.9 1.8 1.1 

Neutrophils 
(x109/L) 

3.30 ± 
1.90 

2.7 
(68%) 

0.3 
(26%) 

1.1 
(58%) 

0.4 
(45%) 

1.1 
(56%) 

0.5 
(41%) 

2.5 
(55%) 

0.9 
(48%) 

1.2 
(39%) 

0.5 
(51%) 

1.8 
(57%) 

1.2 
(37%) 

1.7 
(65%) 

0.4 
(51%) 

3.5 
(77%) 

1.2 
(30%) 

2.1 
(53%) 

0.8 
(41%) 

0.9 
(50%) 

0.6 
(54%) 

Bandforms 
(x109/L) 

 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 
(6%) 

0 

Lymphocytes 
(x109/L)  

2.98 ± 
1.32 

1.2 
(30%) 

0.7 
(68%) 

0.7 
(41%) 

0.5 
(55%) 

0.7 
(37%) 

0.8 
(59%) 

1.9 
(42%) 

0.8 
(43%) 

1.8 
(59%) 

0.4 
(48%) 

1.2 
(38%) 

1.9 
(58%) 

0.7 
(29%) 

0.3 
(44%) 

0.9 
(20%) 

2.7 
(67%) 

1.6 
(41%) 

1.0 
(53%) 

0.7 
(40%) 

0.4 
(40%) 

Monocytes 
(x109/L) 

0.18 ± 
0.15 

0 (1%) 0.1 
(6%) 

0 0 0 0 0 0.1 
(3%) 

0 0 0.1 
(2%) 

0.1 
(4%) 

0.1 
(4%) 

0.0 
(4%) 

0.1 
(2%) 

0.1 
(3%) 

0.2 
(4%) 

0.1 
(5%) 

0 0 (4%) 

Eosinophils 
(x109/L) 

0.18 ± 
0.16 

0 (1%) 0 0 0 0.1 
(6%) 

0 0.1 
(3%) 

0.1 
(5%) 

0 (1%) 0 0 (1%) 0 (1%) 0.1 
(2%) 

0 (1%) 0 0 0.1 
(2%) 

0 0.1 
(4%) 

0 

Basophils 
(x109/L) 

0.06 ± 
0.04 

0 0 0 0 0 (1%) 0 0 0 (1%) 0 0 (1%) 0 (1%) 0 0 0 0 (1%) 0 0 0 (1%) 0 0 (2%) 

Platelets 
(x109/L) 

208 ± 74 agg agg 176 192 agg agg agg 247 agg agg 270 agg 329 258 411 agg 265 agg agg agg 

Neutrophil : 
Lymphocyte 
ratio  

 2.3 0.4 1.6 0.8 1.6 0.6 1.3 1.1 0.7 1.3 1.5 0.6 2.4 1.3 3.9 0.4 1.3 0.8 1.3 1.5 

Protein (g/L) 64 ±7 61 53 53 54 56 51 63 53 47 28 64 65 59 47 58 58 55 56 47 45 

Albumin (g/L) 35 ±5 - - - 34 - 35 - - - 18 - - - 29 - 33 - 33 - 29 

Globulin (g/L) 29 ±5 - - - 20 - 16 - - - 10 - - - 18 - 25 - 23 - 16 

Cortisol 
(nmol/L) 

 10 62 84 - 37 155 125 153 47 47 12 <6 24 40 40 28 29 31 27 40 

Sodium 
(mmol/L) 

142 ±3 - - - 141 - 138 - 141 - 136 - 137 - 138 - 140 - 142 - 138 

Potassium 
(mmol/L) 

4.3 ±0.4 - - - 8.1 - 5.7 - 6.8 - 5.8 - 7.6 - 9.4 - 6.6 - 7.0 - 7.5 

Chloride 
(mmol/L)  

98 ±3 - - - 101 - - - 96 - 94 - 93 - 99 - 99 - 100 - 97 

Bicarbonate 
(mmol/L) 

29.5 ±3.0 - - - 30 - - - 32 - 36 - - - 27 - 31 - 27 - 29 

Urea 
(mmol/L)-- 

9.3 ±1.6 - - - 8.1 - 6.5 - 7.8 - 9.0 - 6.5 - 6.9 - 6.8 - 8.3 - 7.2 

Creatinine 
(umol/L) 

110 ±23 - - - 123 - 105 - - - 100 - 144 - 128 - 133 - 109 - 122 



 

 
 

 
100 

 Separated 24 hours Separated 10 days Not separated 

Parameter Reference 
range 

Joey 3 Joey 7 Joey 11 Joey 4 Joey 5 Joey 6 Joey 1 Joey 2 Joey 8 Joey 9 

initial final initial final initial final initial final initial final initial final initial final initial final initial final initial final 

Calcium 
(mmol/L) 

2.60 ±0.14 - - - 2.50 - - - 2.59 - 2.12 - - - 2.62 - 2.67 - 2.53 - 2.70 

Phosphate 
(mmol/L) 

1.70 ±0.50 - - - 3.30 - - - 2.73 - 2.92 - - - 3.71 - 2.65 - 3.57 - 3.20 

T. bilirubin 
(umol/L) 

0.9 ±0.5 - - - 1 - <1 - - - <1 - - - 1 - 1 - 1 - 1 

Alk Phos 
(U/L) 

2311 
±1043 

- - - 3875 - 2019 - - - 634 - - - 2507 - 6054 - 4092 - 5966 

ALT (U/L) 145 ±147 - - - 67 - 68 - - - 50 - - - 59 - 59 - 87 - 41 

GGT (U/L) 13 ±5 - - - 21 - 24 - - - 7 - - - 15 - 21 - 25 - 19 

AST (U/L) 131 ±217 - - - 78 - 55 - - - 121 - - - 90 - 44 - 87 - 63 

CK (U/L) 1229 
±1611 

1101 1270 2608 909 2195 758 1118 1271 389 1798 2559 1305 - 1380 1407 303 7097 1278 1014 752 

Cholesterol 
(U/L) 

2.35 ±0.48 - - - 2.1 - 1.8 - - - 1.0 - - - 2.8 - 2.8 - 2.7 - 1.7 
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Kangaroo harvesters intend to euthanase 
dependent young-at-foot …but they can’t 
or won’t? 
Introduction 
In Australia, kangaroos are commercially harvested to produce meat for pet food and for human 
consumption—both domestically and abroad—as well as skins for leather products. Adult 
kangaroos, mostly males, are shot by professional shooters who hold the necessary permits and 
licences. When females are shot they will usually have at least one dependent young at some stage 
of development (i.e. pouch young or young-at-foot) and it is a requirement of a national code of 
practice (Anon, 2008) (from herein referred to as the Code) that these young are humanely 
euthanased by the harvester. According to the Code, euthanasia of pouch young and young-at-foot 
is done to “prevent the inhumane death of young that cannot survive on their own” (p9, Anon, 
2008). The Code prescribes that small furless pouch young are killed using either blunt trauma to 
the head or stunning followed by decapitation. Older furred pouch young must be killed with a 
single forceful blow to the head whilst young-at- foot must be killed using a single shot to the brain 
or the heart. 

Despite the euthanasia of young-at-foot being a requirement of the Code, this behaviour is 
currently not monitored therefore it is unknown how often it is carried out and what factors could 
potentially facilitate or prevent it. Some harvesters argue that euthanasia of young-at-foot is 
problematic and is much more difficult compared with euthanasing young that are still in the pouch 
(RSPCA Australia, 2002). Based on informal discussions with harvesters, and our own 
observations of harvesting practices, there are a number of factors that could potentially prevent 
harvesters from effectively and humanely euthanasing young-at foot. For example, at night, young-
at-foot often forage some distance away from their mother and can be difficult to see (unpublished 
data, T. Sharp) and when young-at-foot are seen they often escape before the harvester has a 
chance to euthanase them. Also, if there are more than one young-at-foot in the vicinity of the shot 
female, it is difficult to know which one actually belongs to her. Other harvesters have said they 
don’t euthanase young-at-foot (or sometimes even large pouch young), but rather release them 
because they believe they are old enough to survive on their own (RSPCA Australia, 1985). Also, 
if a young-at foot is quite mobile they may not be euthanased because it takes too much time to go 
after them. It has also been reported that harvesters do not like using blunt trauma on the larger 
joeys but think that the alternative of shooting is too dangerous at close range, so they just let them 
go (RSPCA Australia, 1985). 

Opponents of kangaroo harvesting argue that the guidelines in the Code for the disposal of young-
at-foot are both impractical and unenforceable and claim that large pouch young and young at foot 
are either clubbed to death or left to fend for themselves once their mothers have been shot (Ben-
Ami, 2009). But they provide no data to support these assertions. Based on our research, if young-
at-foot are not euthanased, they will suffer poor welfare (Chapter 3) therefore it is important to that 
euthanasia is performed by harvesters whenever possible. An important step in promoting this 
desired behaviour is to understand the underlying factors that explain why they do or do not 
euthanase young-at-foot. 

With increasing scrutiny of society’s use of animals there is an expectation that those people that 
interact closely with animals them have a duty of care to minimise their pain and suffering. A 
widely held view in many societies (including Australia) is that the use of animals is acceptable 
provided that such use is humane (Mellor & Littin, 2004). With regard to the harvesting of 
kangaroos, whilst it is important that harvesters have the technical skill, knowledge and experience 
required to effectively shoot animals and dress carcasses in a hygienic manner, other attributes such 
as positive attitudes and behaviour toward animals are equally important. Harvesters are directly 
responsible for taking accurate head shots, using suitable euthanasia methods on dependent young, 
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ensuring that wounded animals are followed up and checking that animals are dead. Thus, it is their 
decisions and actions that ultimately determine the level of suffering experienced by animals and 
subsequently, the humaneness of kangaroo harvesting. 

A number of studies have demonstrated an important relationship between animal welfare and the 
human characteristics of beliefs, attitudes and behaviour (Hemsworth et al., 2009). For example, 
effects of the stockperson-animal relationship can markedly influence the productivity and welfare 
of farm animals (Hemsworth & Coleman, 1998). Negative attitudes have been associated with 
negative behaviour toward animals in studies of stockpeople working in intensive piggeries 
(Hemsworth et al., 1994; Coleman et al., 2000), dairies (Breuer et al., 2000; Waiblinger et al., 
2002), vealer growing units (Lensink et al., 2000), pig abattoirs (Coleman et al., 2003) and sheep 
and cattle abattoirs (Coleman et al., 2012). Many of these studies also demonstrate that, in turn, 
negative stockperson behaviours such as rough or excessive handling, cause fear and stress in 
animals and result in poor welfare and in some cases, productivity.  

With this current research we have taken a similar broad approach as these studies, our aim being 
to identify human attributes that could potentially affect the welfare of animals. However, instead 
of farmed species we are focusing on a harvested wild animal, the kangaroo. It is the first study to 
specifically examine kangaroo harvesters’ belief, attitudes and behaviour and will focus on the 
particular behaviour of euthanasia of young-at-foot.  

The Theory of Planned Behaviour 

We used the theory of planned behaviour (TPB, Ajzen, 1991) to examine the specific beliefs, 
attitudes and behaviour of harvesters with regard to the euthanasia of young-at-foot . This theory 
follows a reasoned action approach which has emerged as the dominant conceptual framework for 
predicting, explaining, and changing human social behaviour (Fishbein & Ajzen, 2010). The basic 
structure of the TPB/reasoned action model is shown in Figure 30.  

 

Figure 30 Theory of planned behaviour/reasoned action model (adapted from Fishbein & 
Ajzen, 2010; Ajzen, 2012) 

 

Using the TPB, the determinants of a specific behaviour of interest can be examined (Fishbein & 
Ajzen, 2010). We assume that our social behaviour originates from the information or beliefs that 
we hold about the particular behaviour under consideration. These beliefs can develop from a 
variety of sources or background factors (such as personal experience, values, education, the 
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media, family and friends) and they guide whether or not a person performs or doesn’t perform the 
behaviour. There are three main types of beliefs. Firstly, behavioural beliefs refer to the positive or 
negative consequences that might be experienced if the behaviour is performed and these beliefs 
determine peoples’ attitude toward performing the behaviour. Secondly, injunctive and descriptive 
normative beliefs refer to the beliefs that important individuals or groups would approve or 
disapprove of their performing the behaviour, as well as beliefs that others are or not performing 
the behaviour in question. Together these injunctive and descriptive normative beliefs produce a 
perceived norm which is the perceived total social pressure to perform or not perform the 
behaviour. Thirdly, control beliefs refer to the personal and environmental factors that can help or 
impede the carrying out of the behaviour and these beliefs contribute to perceived behavioural 
control, or the perceived ease or difficulty of performing the behaviour. In combination, attitude 
towards the behaviour, perceived norm and perception of behavioural control lead to the formation 
of behavioural intention or willingness to perform the behaviour. The more favourable the attitude 
and perceived norm and the greater the perceived behavioural control, the stronger should be the 
persons intention to perform the behaviour. Also, the stronger the intention, the more likely it is 
that the behaviour is carried out. However, with some behaviours, despite intention being strong, 
people may lack actual control over performance of the behaviour due to lack of skills or abilities 
or environmental constraints. Thus actual control moderates the effect of intention on behaviour 
(Fishbein & Ajzen, 2010). 

The TPB has been extensively applied to the prediction and explanation of a range of human social 
behaviours in different domains, for example, road safety (Elliott & Armitage, 2009); participation 
in hunting (Hrubes et al., 2001; Shrestha et al., 2012), wildlife management (Willcox et al., 2012) 
and numerous health-relevant behaviours such as smoking (Norman et al., 1999), dieting and 
weight loss (Schifter and Ajzen, 1985) and physical activity (Armitage, 2005). The theory has also 
been used to understand the relationships between attitudes, personal characteristics and behaviour 
of stockpeople and the welfare, behaviour and production of the farm animals under their care 
(Coleman et al., 1998; Hemsworth et al., 1989; Waiblinger et al., 2002). The TPB has also been 
used to design interventions aimed at changing behaviour (Fishbein & Ajzen, 2010).  

According to the TPB, the major predictors of intention and behaviour are behavioural, normative 
and control beliefs and the origin of these beliefs can be from a variety of personal, social and 
informational characteristics or background factors (such as age, gender, education, personality 
traits, intelligence, general attitudes and values). Many investigators have proposed that 
background factors such as these may influence intentions and behaviour directly and have 
included them as additional predictors in an attempt to improve the predictability of the TPB. And 
indeed, some studies have revealed significant direct effects for some external variables (such as 
moral norms, self-identity, affective beliefs, habit/past behaviour) after controlling for the TPB 
variables (Conner & Armitage, 1998). However, Fishbein & Ajzen (2010) have stated that after 
many years of research this only occurs rarely and it is more likley that background factors will 
influence intention and behaviour indirectly through beliefs and attitudes towards the specific 
behaviour. 

One factor that does consistently account for a significant proportion of variance in intention and 
later behaviour after controlling for attitudes, perceived norms and perceived behavioural control is 
past behaviour or habit. Thus, this is often included as an additional predictor of people’s 
intentions and behaviours (Conner & Armitage, 1998). It is thought that frequent performance of a 
behaviour may bring subsequent behaviour under the control of habitual processes – that is, if I’ve 
done it before, I’m likely to do it again. 

In this study we aimed to determine the relative importance of attitude, perceived norm and 
perceived behavioural control in guiding intentions of harvesters to euthanase young-at foot after 
the mother has been shot. We also attempted to gain an insight into what harvesters think about this 
behaviour by examining behavioural, normative and control beliefs and to determine if past 
behaviour predicts intentions to perform behaviour in the future. Thus, in accordance with the 
reasoned action approach and the TPB (Ajzen, 1991; Fishbein & Ajzen, 2010) in this current 
research we hypothesised that attitude, subjective norm and perceived behavioural control would 
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predict harvesters ’ intentions to euthanase young-at-foot when the mother has been shot 
(Hypothesis 1). We proposed that the past behaviour of harvesters with regard to euthanasing joeys 
would influence their intentions to euthanase young-at-foot in the future (Hypothesis 2). We also 
tested if the background factors of harvester experience, general attitude to animal welfare, 
knowledge of kangaroo biology and of the code of practice would directly influence intentions to 
euthanase young-at-foot (Hypothesis 3). We had also intended to test the prediction that intention 
and perceived behavioural control would directly influence harvesters’ decisions to euthanase 
young-at-foot (i.e. their actual behaviour), but unfortunately we could only collect data on this for a 
low number of participants (n=14). To gauge the importance of this issue, we collected information 
from harvesters on their current practices with regard to shooting females. Some harvesters may 
not target females very often and thus the euthanasia of young-at-foot may not be a significant 
issue for them. 

We anticipate that the results from this study will be useful when designing training and education 
programmes for kangaroo harvesters. We specifically expect to provide information on what can be 
done to increase the level of euthanasia of young-at-foot by harvesters, harvester characteristics 
that could potentially contribute to more humane harvesting and specific harvester beliefs and 
attitudes that need to be targeted. 

Materials and methods 

Procedures 

Development of questionnaire 

The behaviour under study was first defined in terms of its target, action, context, and time 
elements. Thus, the target was ‘young-at-foot’, the action was ‘euthanasia’ and the context and 
time was ‘when the mother (female kangaroo) has been shot’. The research population was 
specified as ‘kangaroo harvesters’. The terms ‘euthanasia’ (killing by a single forceful blow to the 
head to destroy the brain; or a shot to the head to destroy the brain; or a shot to the chest to destroy 
the heart) and ‘young-at foot’ (joeys that spend time both in and out of the pouch and larger joeys 
that are still suckling but spend little or no time in the pouch) were both defined in the instructions 
for participants. 

Pilot questionnaire to elicit salient beliefs 

Prior to developing the main questionnaire we used a small sample (n=21) of commercial kangaroo 
harvesters to elicit salient (or readily accessible) behavioural outcomes, normative referents, and 
control factors. Harvesters were asked eight open-ended questions, mostly via individual phone 
interview, but a small number completed the questions using pen and paper. The questions we 
asked were: what are the outcomes from euthanasing dependent young-at-foot (i.e. what are the 
costs/benefits, advantages/disadvantages, likes/dislikes), who would approve or disapprove of them 
euthanasing dependent young-at-foot and what makes it easy or difficult to do. 

A content analysis of the responses to the elicitation questions was performed independently by 
two of the researchers and the list of modal salient outcomes, referents, and control factors 
produced were used to construct the belief-based items for inclusion in the final questionnaire.  

Recruitment of participants 

For the main questionnaire, kangaroo harvesters were invited to complete a pen-and-paper 
questionnaire as part of a research project “to investigate animal welfare aspects of commercial 
kangaroo harvesting with a focus on issues surrounding the euthanasia of dependent kangaroo 
joeys after their mother has been shot”. Due to privacy laws, we were not permitted access to 
harvester contact details, so we asked state government kangaroo management agencies in NSW, 
QLD and SA to post out ‘expression of interest letters’ or questionnaire packs (containing the 
questionnaire, participation information sheet, consent form, and researcher details) to a sample of 
registered kangaroo harvesters on their databases. All harvesters on the NSW database were 
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initially sent information on the project (in conjunction with correspondence concerning their 
annual licence renewals) and were asked to contact us if they were interested in participating. After 
a poor response to this request, 80 questionnaires were then sent directly to a sample of harvesters. 
Eighty questionnaires were also mailed to harvesters in SA and a further 500 to harvesters in in 
QLD. Advertisements to recruit participants were also placed in local newspapers in areas where 
harvesters were known to operate and the research was publicised via a local ABC radio news item 
and a public meeting in Broken Hill, Western NSW. As an incentive to participate, all respondents 
were offered a $50 gift card from a national retail group. Also, to protect the privacy of the 
harvesters and to minimise any potential self-presentation biases, harvesters were assured that their 
responses would be confidential and that they would not be identified to anyone outside the 
research team. 

Because a mixed recruitment strategy was used, it is uncertain how many potential respondents saw 
the publicity for the project, and thus it is difficult to compute an accurate response rate. However, 
an estimate of the response rate just from the state kangaroo agency mail outs was very low at only 
around 5%. 

A meta-analysis of 185 independent studies (Armitage & Conner, 2001) found that the theory of 
planned behaviour accounted for 39% of the variance in intention and 27% in behaviour. For the 
prediction of intention, an effect size (f2) of around .64 was thus expected for the current study. 
Assuming a target power of .80, a critical alpha of .05 and a directional hypothesis in a linear 
multiple regression fixed model with 10 predictor variables, a power analysis using G*Power3.1 
(Faul et al., 2009) indicated that a minimum of 36 participants were required.  

For the prediction of behaviour, assuming an effect size (f2) of .37, combined with a power level of 
.80, and a critical alpha of .05 in a linear multiple regression fixed model with 2 predictor variables, 
based on a power analysis (Faul et al., 2009) the minimum sample size required was 30. Despite 
extensive effort to recruit harvesters to allow us to observe them during one night of harvesting, 
only 14 agreed to participate. This sample size was too small to achieve the desired power of .80 
therefore the behaviour data were not analysed using multiple regression. However, the results 
from the direct observations of harvester behaviour relating to the euthanasia of young-at-foot are 
included in the results section. 

Participants 

Participants were 65 kangaroo harvesters, the majority male (97%). Participants ranged in age from 
21 to 70 years (M = 40.22, SD = 11.34). Thirty two per cent of the sample was from New South 
Wales, 23% from Queensland, 8% from South Australia and for 3% of respondents the state of 
origin was unknown. In terms of highest level of education completed, 3% had completed primary 
school, 49% were high school graduates, 40% had completed a technical college or industry 
qualification, 2% had a university degree and 5% had completed postgraduate training. The number 
of years spent harvesting kangaroos ranged from 1 to 50 years (M= 13.30, SD = 10.49). For half of 
the participants, 70 to 100% of their income is gained from kangaroo harvesting. On average, they 
spend 3 nights per week operating as a harvester. Fifty one per cent of harvesters said that they 
sometimes shot female kangaroos, 38% said they only rarely shot females, 5% always shot females 
and 6% of harvesters stated that they never shot females. 

Data collection began after gaining approval from The University of Wollongong, Human 
Research Ethics Committee (Ethics number: HE10/298). 
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Measures 

Salient beliefs about euthanasing young-at-foot 

The most common salient beliefs that emerged from the elicitation study are listed below: 

Behavioural beliefs (advantages/benefits and disadvantages/costs of euthanasing young-
at-foot). 

The participants stated that the main advantages of euthanasing young-at-foot) were reducing the 
suffering of joeys (i.e. from starvation, predation etc.) and controlling the population of kangaroos 
(e.g. to reduce crop damage). The disadvantages of euthanasing joeys were that it reduced the 
number of kangaroos available for future harvest and it was expensive in terms of wasting their 
time and ammunition. Many harvesters said that they do not like killing joeys but realise that it’s 
part of their job. Others believe that killing young-at foot is unnecessary and will avoid doing it 
because it takes away the joeys’ chance at life. 

Normative beliefs (people who would approve/disapprove of euthanasing young-at-foot).  

When asked if there were any individuals or groups who would approve of their euthanasing 
young-at-foot, specific reference was made to landholders (e.g. farmers, station owners, graziers), 
the relevant state government agencies responsible for kangaroo management (e.g. in NSW, the 
Department of Environment and Heritage) and the kangaroo industry. People who disapprove 
include the general public as well as specific animal protection groups (e.g. animal rights, animal 
liberation, RSPCA) and wildlife or conservation groups (e.g. ‘greenies’). A number of participants 
could not think of anyone who would disapprove of their euthanasing young-at-foot.  

Control beliefs (factors that would make it easy or difficult to euthanase young-at-foot).  

Factors that could make euthanasing young at foot easier included better equipment (such as a ‘stun 
gun’), shooting the joey before shooting the mother, more research into better methods and also 
training on euthanasia methods. Many of the harvesters said that there is nothing easier than the 
method that they currently use. Factors that make euthanasing young-at-foot difficult were that 
many of them escape or they cannot be seen. Joeys often move very fast and get away and it can be 
difficult to know if a young-at-foot belongs to the female that has just been shot. Some techniques 
(e.g. capture to give a lethal injection or apply a captive-bolt) would also make it difficult. 
‘Emotions’ were also listed as a reason why it can be hard to euthanase young-at-foot. This reflects 
the attitudes described above that they ‘don’t like doing it’ and ‘it takes away the joeys chance at 
life’ and suggests that affect (or sentiment) is likely to be an important factor in harvesters 
decisions to euthanase or not. Some harvesters stated that it was easy to euthanase young-at-foot, 
therefore nothing makes it difficult. 

The beliefs that were elicited most frequently were included in the modal set used to construct the 
TPB items for the main questionnaire. 

Direct measures  

Attitudes 

Direct measures of attitude toward euthanasing young-at foot were initially obtained using four 
items presented on 7-point evaluative semantic differential scales with the following bipolar 
adjectives as anchors: harmful-beneficial, good-bad, pleasant-unpleasant, worthless-useful. Both 
instrumental items (whether the behaviour achieves something e.g. harmful/beneficial) and an 
experiential item (how it feels to perform the behaviour i.e. pleasant/unpleasant) were included, as 
well as the good-bad scale which tends to capture overall evaluation (Fishbein & Ajzen, 2010). 
Items with negatively worded endpoints on the right were recoded so that higher numbers reflected 
a positive attitude toward the behaviour. This four item scale had a Cronbach’s alpha of .63. To 
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improve internal consistency the pleasant/unpleasant item was dropped, resulting in an alpha of .73. 
The mean of the remaining three item scores was then calculated to give an overall attitude score. 

Perceived norm 

Perceived norm was assessed using three items rated on 7-point Likert scales. Each item measured 
participants’ perception of the expectations of others. Item wording and scale anchors were as 
follows: (a) “It is expected of me that I euthanase young-at-foot” (1 = disagree, 7 = agree); (b) 
“Most people who are important to me think that I (1 = should, 7 = should not) euthanase young-at-
foot; and (c) “I feel under social pressure to euthanase young-at-foot” (1 = strongly disagree, 7 = 
strongly agree). Item (b) was reversed so that higher scores reflected greater social pressure to 
euthanase young-at-foot. The three item scale had a Cronbach’s alpha of .60. To improve internal 
consistency, item (c) was deleted, resulting in an alpha of .77. The mean of the remaining two item 
scores was then calculated to give an overall perceived norm score. 

Perceived behavioural control 

Perceived behavioural control was measured using four items rated on 7-point Likert scales. Each 
item measured participants’ confidence that they were able to euthanase young-at-foot. Item 
wording and scale anchors were as follows: (a) “I am confident that I can euthanase young-at-foot” 
(1 = disagree, 7 = agree); (b) “For me, euthanasing young-at-foot is (1 = easy, 7 = difficult); (c) 
How much control do you have over euthansing young-at-foot?” (1 = no control, 7 = complete 
control); and (d) It is mostly up to me whether or not I euthanse young-at-foot” (1 = disagree, 7 = 
agree). Item b) was reversed yielding higher scores reflecting greater perceived control. 

Items (a) and (b) were chosen to assess a person’s self-efficacy with regard to euthansisng young-
at-foot (i.e. how difficult it is to perform and how confident they are that they could do it). Items (c) 
and (d) were chosen to measure beliefs about the controllability of euthanasing young-at-foot (i.e. 
whether it is up to them or whether factors beyond their control determine if young are 
euthanased). The four item scale had a Cronbach’s alpha of .36. To improve internal consistency, 
item (a) was deleted, resulting in a marginal alpha of .43. The mean of the remaining three item 
scores was then calculated to give an overall perceived behavioural control score. 

Intentions 

Two 7-point bipolar scales were used to assess participants’ generalised intention to euthanase 
young-at-foot after their mother has been shot. On the first item, respondents indicated whether 
they intended to euthanase young-at-foot (1 = unlikely, 7 = likely). The second scale asked them 
whether they always tried to euthanase young-at-foot (1 = disagree, 7 = agree). These two items 
showed good internal consistency (α=.84) and variable scores were created by calculating the mean 
of the items.  

A single item was also included to measure intention performance. This question asked “If you shot 
10 females each with young-at-foot, how many of these joeys would you expect to euthanase? 
Participants selected a response from zero to 10.  

Measure of past behaviour 

One item was used to measure past behaviour (i.e. “In the past I have euthanased young-at-foot 
after I have shot their mother”). Participants selected a response from options on a scale ranging 
from 1= false to 7= true 

Behaviour 

Actual behaviour was assessed by observing harvesters during a kangaroo harvesting operation. 
One of the researchers accompanied harvesters and noted what harvesters did after shooting female 
kangaroos. Although also observing other aspects of harvesting for another project, we took 
specific notice of the following harvester behaviour:  
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I. did they actually euthanase any young-at foot? 
II. if they saw a young-at-foot and suspected it belonged to the shot female, did they attempt 

to euthanase it? 
III. did they search (or wait) for a young-at-foot when a large teat was seen in the female’s 

pouch?  

Belief-based measures  

Behavioural beliefs and outcome evaluations 

Four items were used to assess the strength of the behavioural belief (e.g. “If I euthanase young-at-
foot I am reducing the numbers of kangaroos available for future harvest”) Participants selected a 
response from options on a scale ranging from 1 = strongly disagree to 7 = strongly disagree. Four 
items assessed the evaluation of the outcome (e.g. “Reducing the number of kangaroos available 
for future harvest is…”). Response options for these statements ranged from 1 = good to 7 = bad. 

Normative beliefs 

Injunctive norms are perceptions of what others think we should do whereas descriptive norms 
refer to the perceived behaviour of others. Perceived norm (or perceived social pressure) refers to 
the overall normative influence from both perceived injunctive and descriptive norms (Fishbein & 
Ajzen, 2010). 

Injunctive normative beliefs and motivation to comply 

Four items were used to assess injunctive normative belief strength (e.g. “The general public thinks 
that I should/should not euthanase young-at-foot”). Participants selected a response from options 
on a scale ranging from 1 = should to 7 = should not. Four items assessed the motivation to comply 
with the individual or group (e.g. “When it comes to kangaroo harvesting I do/don’t want to do 
what the general public thinks I should do”). Response options ranged from 1 = I do to 7 = I don’t. 

Descriptive normative beliefs and identification with the referent 

One item was used to measure descriptive normative beliefs (i.e. “Other kangaroo harvesters do/do 
not euthanase dependent young-at-foot). Response options ranged from 1 = do to 7 = do not. One 
item measured identification with the referent (i.e. “Doing what other kangaroo harvesters do is 
important to me”) with response options ranging from 1 = very much to 7 = not at all. 

Control beliefs and power of control factors 

Three items assessed the salient control factors of ‘joeys getting away’, ‘shooting the joey before 
the female’ and ‘other methods or equipment’. 

Other measures 

Attitudes to Animals 

Attitudes towards the treatment of animals were examined using the Animal Attitudes Scale 
(Herzog Jr. et al., 1991) consisting of 20 items (e.g. “It is morally wrong to hunt wild animals for 
sport”), rated on a 7-point Likert scale ranging from 1 = strongly agree to 7 = strongly disagree. 
Scores on this scale can range from 20 to 100; higher scores indicate greater concern for animal 
welfare and lower scores indicating more negative attitudes towards animals. The scale achieved 
marginal internal consistency (α=.63), with the reported alpha being .90 (Herzog, n.d.). 

General knowledge of kangaroo biology 

General knowledge of kangaroo biology was assessed by responses to eight statements. Four 
statements were accurate descriptions of an aspect of kangaroo biology (e.g. “Female kangaroos 
can produce two different types of milk for their young - one type for pouch young and another for 
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young-at-foot”) and four statements were inaccurate (e.g. “Joeys are fully weaned at the time of 
permanent emergence from the pouch”). Participants selected true, false or don’t know in response 
to each statement. Kangaroo knowledge scores were computed by counting the number of correct 
responses to the 8 knowledge items. 

Knowledge of the Code of Practice 

Knowledge of the National Code of Practice for the Humane Shooting of Kangaroos and Wallabies 
for Commercial Purposes (Anon, 2008) was assessed by responses to eight multiple choice 
questions. The questions or incomplete statements were based on information taken directly from 
the Code (e.g. “In the code of practice, what is the maximum range at which a kangaroo can be 
shot?”) and four multiple choice responses were presented (“a. 150 metres, b. 100 metres, c. No 
maximum range as long as a shot to the brain can be achieved, d. 200 metres”). Participants were 
asked to select the one response that best answers the question or completes the statement. Code of 
practice knowledge scores were computed by counting the number of correct responses to the 8 
knowledge items. 

Demographics and current practice with regards to shooting females 

To gauge the importance of this issue, we also collected information from harvesters on their 
current practices with regard to shooting females. Harvesters were asked if they shoot female 
kangaroos (always, sometimes, rarely or never) and if so, do they shoot females with a visible in-
pouch young (always, sometimes, rarely or never), a visible young-at-foot (always, sometimes, 
rarely or never) or no visible joeys (always, sometimes, rarely or never). We also asked the 
question “Of the females that you shoot that have a visible young-at-foot, please give an estimate 
of what percentage of these joeys you euthanase?” 

Results 

Missing data 

Four harvesters (6%) stated that they never shoot female kangaroos and so these cases were deleted 
prior to analysis. The percentage of cases with missing data on the main variables examined in this 
study ranged from 1% (for age, years spent harvesting, perceived norm and kangaroo biology 
knowledge) to 11% (for Code knowledge). Little’s MCAR test was not significant (χ2 (95) = 95.23, 
p = .47) indicating that there was no systemic pattern of omission across variables. All missing data 
were imputed using the expectation maximisation option in the Missing Values Analysis module in 
SPSS v. 21. 

Correlations and descriptive statistics 

The means, standard deviations and correlations between the TPB and additional variables are 
presented in Table 27. Overall, participants reported positive attitudes and intentions to euthanase 
young-at-foot. The zero-order correlations revealed large positive correlations between the TPB 
components of attitude, perceived norm and intention (r’s = .62–.75, all p’s <.01), however 
perceived behavioural control did not show any correlation with the other TPB variables.  

There were moderate positive correlations between past behaviour and intention (r = .58, p <.01), 
perceived norm (r = .45, p <.01) and attitude (r = .38, p <.01). This suggests that harvesters that 
have euthanased young-at-foot in the past intend to do it in the future, have a positive attitude 
towards doing so and perceive an expectation from others that it should be done.  

There was also moderate positive correlations between attitude and Code knowledge (r = .36, p 
<.01); attitude and age of harvester (r = .33, p <.05); and perceived behavioural control and nights 
per week harvesting (r = .30, p <.05). Code knowledge was also correlated with intention (r = .39, 
p <.01). These results suggest that older harvesters and those that have a better knowledge of the 
Code also have a more favourable attitude towards euthanasing young-at-foot. Full-time harvesters 
or those that derive most of their income from harvesting feel that they have more control over 
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euthanasing young-at foot compared with those that work on a part-time basis. Also, those that 
have more knowledge of the Code have higher intentions to euthanase young-at-foot compared to 
those with less knowledge. 

Scores for the attitudes to animals scale were positively correlated with nights per week harvesting 
(r = .29, p <.05), thus, full-time harvesters or those that derive most of their income from 
harvesting have more positive attitudes towards animal welfare. 

There was a small negative correlation between scores on kangaroo biology knowledge and age of 
harvester (r =- .27, p <.05) thus, harvesters which scored higher on knowledge were younger. Also, 
as would be expected, there was a large positive correlation between age of harvester and years 
spent harvesting (r = .75, p <.01). 

Behaviour 

Unfortunately, only 14 harvesters were willing to allow a researcher to go with them to observe 
harvesting practices. Therefore, we did not have an adequate sample size to reach the chosen level 
of power and so statistical analysis to predict behaviour using the TPB was not performed. This 
means we only had one dependent variable for the TPB analysis i.e. intention. Of the 14 harvesters 
that we did observe, only one euthanased a young-at-foot. Another harvester attempted to 
euthanase a young-at-foot but was unsuccessful, whilst another considered shooting a young-at but 
believed it to be large enough to survive on its own. With the other 11 harvesters, no time was 
spent attempting to euthanase young-at-foot or searching for young-at-foot when females were 
shot.  

During these observations, 24 young-at-foot were seen. One was euthanased by a shot to the head, 
in accordance with the Code. Atypically, this joey was shot before its mother was shot (and she 
was successfully shot after). Another young-at-foot was shot at twice but both shots missed and the 
animal escaped. In all the other instances when young-at-foot were seen, there was no attempt to 
euthanase them. Fourteen of the observed young-at-foot responded to the shooting of the female 
with an alarmed flight response whilst 8 remained stationary and appeared calm. Although it may 
have been possible to shoot the 8 stationary young-at-foot it was not done. Also, when the alarmed 
young-at-foot took flight, none of the harvesters pursued or searched for them or waited to see if 
they would return to the location where their mother was shot. If a young-at-foot was not seen, but 
the shot female had a long teat indicating she was likely to be suckling a young-at-foot, none of the 
harvesters spent any time searching for a young-at-foot, nor did they wait to see if a young-at-foot 
returned to the location where the female was shot. 

Interestingly in answer to the question: If you shot 10 females each with young-at-foot, how many 
of these joeys would you expect to euthanase?, the mean response was 6.23 (SD=3.50) and the 
range was from 0 to 10 (Figure 31), thus harvesters have quite varied opinions on whether they can 
or cannot euthanase young-at-foot, despite reporting high intentions to do so (intention score 
M=5.15, SD=1.93, 1=unlikely, 7=likely). 
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Figure 31 Responses by harvesters to the question: ‘If you shot 10 females each with 
young-at-foot, how many of these joeys would you expect to euthanase?’ 

 
Attitudes to animals 

The mean score for harvesters on the Animal Attitude Scale was 54.8 (SD=7.0, n=61). To 
determine if this was different to the mean score obtained from people in the general community 
reported in Signal and Taylor (2006a), we used Welch’s modified two-sample t-test from the R 
package BSDA (Arnholt & Arnholt, 2012). The mean score for harvesters was significantly lower 
than the mean score obtained from a sample of Australian males (M=63.8, SD=8.7, n=186)(t=-
8.18, p<<0.001) but not different from the mean score of a sub-sample of males working in the 
primary industry sector (M=57.7, SD=10.2, n=29)(t=-1.38, p=0.174) (Signal & Taylor, 2006a, 
2006b).  

For further comparison, the mean score on the Animal Attitude Scale for a sample drawn from the 
animal protection community—as would be expected—was much higher (M=84.7, SD=10.5, 
n=396) (Signal & Taylor, 2006a) and in a study to examine the attitude and behaviour of dog 
owners, the mean score was also higher (70.2, SD=12.1, n=122) (Sharp, 2007). It should be noted 
that the majority of participants in these other studies were female, whereas in the current research 
the majority were male. Females show consistently higher scores on this scale compared with 
males (Herzog, 2007). For example, with the Australian community sample, the mean score for 
females was 69.5 (SD=9.1, n=364) and for males it was 63.8 (SD=8.7, n=186) (Signal & Taylor, 
2006a). 

General knowledge of kangaroo biology 

The harvesters answered, on average, just over one third of the true/false questions correctly (38%). 
Thirty seven per cent of the questions were answered incorrectly and the remaining 25% were 
scored as ‘Don’t know’. A summary of the results is presented in Figure 32. Three questions out of 
8 were answered correctly by more than half the participants. These questions related to kangaroos 
producing different types of milk for young of different ages (question 2), reproduction in red 
kangaroos (question 4) and weaning of joeys (question 7). Question 6 was only correctly answered 
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by 2% of the participants. This question was about the suspension of embryo development when 
conditions are unfavourable (embryonic diapause has not been observed in western grey 
kangaroos). The results indicate that there is scope for improving harvesters’ general knowledge of 
the biology of kangaroos. 

Knowledge of the code of practice  

The harvesters answered, on average, just under two thirds of the multiple choice questions 
correctly (61%). A summary of the results is presented in Figure 33. Five questions out of eight 
were answered correctly by more than half the participants. These questions related to what should 
be done with dependent young-at-foot (question 3), acceptable euthanasia methods for furred 
pouch young (question 4) acceptable euthanasia methods for furless young (question 5) when 
females should be examined for pouch young (question 6) and confirming death in shot animals 
(question 8). Question 1 was only correctly answered by 9% of the participants. This question 
related to the maximum range at which a kangaroo can be shot. The results indicate that there is 
also scope for improving harvesters’ knowledge of some aspects of the code of practice. 
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Figure 32 Summary of results from general knowledge of kangaroo biology questions 
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Figure 33 Summary of results from knowledge of the code of practice questions (*indicates correct answer)
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Table 27 Intercorrelations, means, and standard deviations of selected demographic, Theory of Planned Behaviour and additional variables 

 1 2 3 4 5 6 7 8 9 10 11 M SD 
Attitude - .75** -.01 .62** .38** .13 .01 .36** .33* .07 .14 4.29 1.54 
Perceived norm  - -.07 .63** .45** .19 -.00 .21 .25 .01 .25* 5.23 1.80 
PBC   - -.10 -.06 .07 -.06 -.16 .04 .30* .11 5.42 1.26 
Intention    - .58** -.01 -.14 .39** .23 -.08 .14 5.15 1.93 
Past behaviour     - -.00 .03 .18 -.01 -.15 -.02 6.16 1.58 
Animal attitude score      - .02 -.073 .22 .29* .13 54.81 7.00 
Kangaroo biology score       - -.04 -.27* .22 -.07 3.05 1.13 
Code knowledge score        - .13 -.02 -.05 4.91 1.00 
Age of harvester         - .19 .75** 40.09 11.35 
Nights / week harvesting          - .07 2.99 1.57 
Years harvesting           - 12.88 10.46 
Note. N = 61. PBC = perceived behavioural control. 

*p<.05. ** p<.01. 



 

116 
 

Analysis predicting intention to euthanase young-at-foot 

A three-step hierarchical regression analysis was conducted to determine the extent to which the 
theory of planned behaviour components can predict harvesters intention to euthanase young-at-foot, 
and also if past behaviour and the additional variables of age, nights per week operating as a 
harvester, years spent harvesting, attitudes toward animals, knowledge of general kangaroo biology 
and knowledge of the code of practice would also contribute to prediction. All of the assumptions of 
hierarchical regression were met (Tabachnick & Fidell, 2007). The residuals for the analysis exhibited 
a very slight negative skew and mild heteroscedasticity and nonlinearity but these were not deemed 
sufficient to greatly influence the analysis. There was also no evidence of multicollinearity (tolerance 
values for all predictors were above.70) or sequential dependence (Durbin-Watson statistic = 1.90). 
There were a few univariate outliers however these were retained given that there was no reason to 
suspect that they were not valid members of the population under investigation. One multivariate 
outlier was detected using the Mahalanobis criterion however exclusion of this case produced the 
same substantive results as the original analysis.  

Variables were entered into the analysis in the following order: (Step 1) attitude, perceived norm, 
perceived behavioural control –according to the theory of planned behaviour these three predictors 
should account for a large proportion of the variation in intention; (Step 2) past behaviour - including 
past behaviour as an additional predictor has been shown to consistently account for an additional 
10% of the variance in intentions (Fishbein & Ajzen, 2010); and (Step 3) harvester age, nights per 
week, years spent harvesting, animal attitude score, kangaroo knowledge score and code knowledge 
score . These were included at this step to determine if they contributed to prediction of intention over 
and above the TPB variables. A summary of the regression analysis is presented in Table 28.  
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Table 28 Summary of hierarchical regression analyses for the prediction of intentions to  
euthanase Young-at-Foot 

 B 95% CI for B β sr2 R R2 Adjusted 
R2 

R2 
change 

  LB UB       
Step 1 TPB variables .67** .45 .42  
Attitude .43* .05 .80 .34 .05     
Perceived norm .40* .07 .72 .37 .06     
PBC -.11 -.41 .20 -.07 .00     
Step 2 Addition of past behaviour .74** .55 .52 .10 
Attitude .38* .03 .72 .30 .04     
Perceived norm .26 -.05 .56 .24 .02     
PBC -.09 -.37 .19 -.06 .00     
Past behaviour .44** .192 .683 .36 .10     
Step 3 Addition of additional variables .78** .61 .54 .06 
Attitude .27 -.13 .67 .22 .01     
Perceived norm .29 -.04 .62 .27 .02     
PBC -.07 -.37 .24 -.04 .00     
Past behaviour .44** .19 .69 .36 .10     
Age of harvester .00 -.06 .06 .03 .00     
Nights per week .02 -.24 .28 .02 .00     
Years harvesting .00 -.05 .07 .04 .00     
Animal attitude score -.02 -.08 .03 -.08 .00     
Kangaroo knowledge 
score 

-.25 -.60 .11 -.14 .02     

Code knowledge score .33 -.06 .71 .17 .02     
Note. N=61. PBC = perceived behavioural control. 
*p<.05. ** p<.01. 
 

The theory of planned behaviour variables (attitude, perceived norm, perceived behavioural control) 
accounted for 45% of the variance on step 1 (R2 = .45, F(3, 60) = 15.53, p < .01), with attitude (β = 
.34, p < .05) and perceived norm (β = .37, p < .05) emerging as significant predictors. This indicates 
that the more positive the attitude and the higher the social pressure, the greater the intention to 
euthanase young-at-foot. Perceived behavioural control had no independent influence on intentions to 
euthanase young at foot after their mother has been shot.  

The addition of past behaviour at step 2 resulted in a 10% increase in explained variance (R2 change = 
.10, F(4, 60) = 17.25, p<.001) with past behaviour (β = .36, p < .05); and attitude (β = .30, p < .05) 
now the only significant predictors. The regression coefficient for perceived norm dropped to a non-
significant level at this step (β = .24, p = .094).  

The additional variables of harvester age, nights per week, years spent harvesting, animal attitude 
score, kangaroo knowledge score and code of practice knowledge score were entered on step 3; 
however there was no significant change in R2. The final model accounted for 61% of the variance in 
intention (R2 = .61, F(10, 60) = 7.89, p <.001), with past behaviour emerging as the only significant 
individual predictor (β= .36, p < .05). 
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Effects of beliefs on intention 

To gain a more complete understanding of the determinants of intentions to euthanase young-at-foot, 
the behavioural, normative and control beliefs were then examined. Firstly, according to the TPB, 
(and based on the expectancy value model), beliefs provide the basis for formation of attitudes, 
perceived norms, and perceived behavioural control. We would therefore expect to find significant 
correlations between the composite measure of beliefs and the direct measures. The results for attitude 
and perceived norm confirmed these expectations with the correlations being .56 for attitude and .48 
for perceived norm (both p’s<.01). However, there was no correlation between the composite measure 
of control beliefs and the direct measure for perceived behavioural control (r =.08, ns). This could 
indicate that the belief measures of perceived behavioural control did not adequately cover the breadth 
of the measured construct, that is, there could be other factor/s that influence control that were not 
included (perhaps emotions?). 

We also examined the correlations of the belief strength by outcome evaluation products with 
intention to determine which specific beliefs have the most influence on intentions to euthanase 
young-at-foot. Following is a brief summary of the results: 

Behavioural beliefs 

Table 29 shows the mean behavioural belief strength (likelihood ratings) and outcome evaluations 
associated with the perceived outcomes of euthanasing young-at-foot. In addition, 4 belief evaluation 
products were calculated for each respondent and the product terms were correlated with intentions. 
The most important expected outcome from euthanasing young-at-foot was ‘reducing joey suffering’. 
‘Taking away the joeys chance at life’, ‘reducing the number of kangaroos for future harvest’ and to a 
lesser extent ‘wasting time and ammunition’ were not as important and were viewed as negative 
outcomes. The only positive consequence of euthanasing young-at-foot, i.e. reducing joey suffering, 
was the belief that had the greatest influence on intention. 

Table 29 Mean behavioural belief strength and outcome evaluation, and correlations of 
belief x evaluation product with intention to euthanase young-at-foot 

Behavioural belief Belief 
strength 
(b) 

Outcome 
evaluation (e) 

b x e Correlation biei 
with attitude 

Correlation biei 
with intention 

If I euthanase young-at-foot… 
 

     

I am reducing the numbers of kangaroos 
available for future harvest 
 

4.34 -1.56 -6.84 .34** .13 

I am wasting my time and ammunition 
 

2.70 -1.85 -6.00 .33* .11 

I am reducing joey suffering (e.g. from 
predation, starvation etc) 
 

6.28 2.87 18.07 .46** .33* 

I am taking away their ‘chance at life’ 
especially if they appear to be old 
enough to survive by themselves 

4.93 -1.56 -10.02 .38** .24 

Note. Behavioural belief strength scored from 1 to 7; outcome evaluation scored from -3 to =3;  
biei = behavioural belief x outcome evaluation. 
* p<.05. ** p<.01. 
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Normative beliefs 

Table 30 shows the mean normative belief strength and motivation to comply with regard to the five 
normative referents identified in the pilot study. Social pressure to euthanase young-at-foot was most 
strongly perceived to come from government kangaroo management agencies and farmers/graziers, 
and somewhat less so from the general public and other kangaroo harvesters. Harvesters believe that 
animal protection groups disapprove of them euthanasing young-at-foot. There is not a strong belief 
that other harvesters are euthanasing young-at-foot and, interestingly, motivation to comply was 
lowest for other kangaroo harvesters compared with other referents. The referent that has the most 
influence on intention to euthanase young-at-foot is government kangaroo management agencies. 

Table 30 Mean normative belief strength and motivation to comply, and correlations of belief 
x motivation product with intention to euthanase young-at-foot 

Normative referent Belief 
strength 
(n) 

Motivation 
to comply 
(m) 

n x m  Correlatio
n nimi with 
perceived 
normd 

Correlation 
nimi with 
intentiond 

Injunctive normsa      

Government kangaroo management 
agencies (e.g. NSW Office of 
Environment & Heritage) 

 

1.95 5.89 11.74 .63** .58** 

Farmers and graziers 

 

2.36 4.29 9.39 .09 .15 

Animal protection groups (i.e. 
animal welfare organisations, 
animal rights groups, animal 
liberation) 

 

-.43 3.49 .18 .16 .15 

The general public 

 

.36 4.05 1.84 .25 .18 

Descriptive norm      

Other kangaroo harvesters 

 

.87b 2.85c 2.74 .29* .23 

Note. aInjunctive belief strength scored from -3 to +3 (-3 = believe they should not euthanase young-at foot, +3 = believe they should that 
euthanase young-at foot ; motivation to comply scored from 1 to 7).  
bDescriptive norm belief strength scored from -3 to +3 (-3 =other kangaroo harvesters do not euthanase young-at foot, +3 = other kangaroo 
harvesters do euthanase young-at foot).  
cIdentification with referent scored from 1 to 7 (1=doing what other harvesters do is not important, 7 doing what other harvesters do is 
important). 
dThe measures of injunctive norms and descriptive norm were combined to form an overall combined normative belief index. 
nimi = normative belief x motivation to comply. 
* p<.05. ** p<.01. 
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Control beliefs 

Table 31 shows the mean control belief strength and power of the three control factors identified in 
the pilot study. ‘Young-at-foot getting away’ was the factor most likely to impede the euthanasia of 
young-at-foot. Better methods/equipment was the factor most likely to have a positive influence on 
intention to euthanse young-at-foot, whereas young-at-foot getting away and shooting the joey before 
the female had no influence on intention to euthanase young-at-foot. 

Table 31 Mean control belief strength and power of control factors, and correlations of belief 
x control product with intention to euthanase young-at-foot 

Control factors Belief 
strength 
(c) 

Control 
power (p) 

c x p Correlation 
cipi with 
perceived 
behavioural 
control 

Correlation 
cipi with 
intention 

Better methods/equipment 2.75 -1.03 .74 -.13 .28* 

Young-at-foot getting away 3.10 -1.34 -5.08 .36** -.15 

Shooting the joey before the 
female 

2.07 -1.90 -2.30 -.16 -.13 

Note. Control belief strength scored from 1 to 7; (1= less likely that this control factor will be present, 7= more likely that this control factor 
will be present. Control power scored from -3 (likely to impede euthanasia of young-at-foot) to +3 (likely to facilitate euthanasia of young-
at-foot);  
cipi = control belief x control power. 
* p<.05. ** p<.01. 
 

Discussion 
In this study, we sought to identify important factors which underlie harvesters’ decisions to 
euthanase young-at-foot when the mother has been shot. Our results indicate that only the attitude and 
perceived norm components of the TPB are important in predicting harvesters’ intentions (Hypothesis 
1). This finding suggests that the harvesters with a more favourable attitude towards euthanasing 
young-at-foot and who feel more social pressure to do so are more likely to intend to euthanase 
young-at-foot. Perceived control over performance of the euthanasia of young-at-foot did not account 
for any of the variance in intentions. According to (Fishbein & Ajzen, 2010) as volitional control over 
a behaviour increases, the importance of perceived behavioural control to predict intention and 
behaviour decreases. Thus, it is possible that harvesters believe that decisions to euthanase young-at-
foot are largely under their control and that external factors do not prevent them from intending to 
euthanase young-at-foot. Past behaviour also emerged as a significant predictor of harvesters’ 
intentions (Hypothesis 2) suggesting that harvesters’ that are already in the habit of euthanasing 
young-at-foot intend to continue to do it. 

Another aim of the study was to determine if specific additional variables could further predict or 
explain harvesters’ intentions to euthanase young-at-foot (Hypothesis 3). Although additional 
variables are sometimes included within the TPB model in an attempt to improve predictability, in the 
current study, none of the additional variables tested (i.e. age of harvester, nights per week harvesting, 
animal attitude score, kangaroo biology knowledge, code knowledge) independently predicted 
harvester intentions over and above the influence of the TPB variables (attitude and subjective norm) 
and past behaviour. This is in line with Ajzen and Fishbein’s (1980) argument that the TPB is a 
complete model of social behaviour and that most background factors influence intentions and 
behaviour indirectly by guiding a person’s beliefs and attitudes. 

As well as examining the influence of general measures of attitude, perceived norm and perceived 
behavioural control on intention, to help us to understand the factors underlying these measures we 
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also explored the most important salient (or directly accessible) behavioural, normative and control 
beliefs. It is at this level that we learn about the most important considerations that guide peoples’ 
decisions to perform or not perform a behaviour, specifically the likely consequences, the demands 
placed on them by others and potential barriers to the action (Fishbein & Ajzen, 2010). We found that 
the participating harvesters believe that euthanasing young-at-foot reduces joey suffering, that 
government kangaroo management agencies and farmers/graziers approve of them doing it (but 
animal protection groups do not) and that the greatest limiting factor preventing them from 
euthanasing young at-foot is that they escape. 

Despite harvesters having a positive attitude towards euthanasing young-at-foot and believing that 
they have volitional control over performing it, based on our limited observational data from 14 
harvesters, there appears to be a discrepancy between the intention to euthanase young-at-foot and 
actually carrying out this behaviour. Harvesters report a strong intention to euthanase joeys, but this 
happens only rarely. Why is this so? There could be two potential reasons. Firstly, their intentions 
may actually change (i.e. they can euthanase young-at-foot, but for some reason they don’t) and 
secondly, they may be unrealistic in their judgement of how difficult it can be (i.e. they intend to, but 
are prevented from doing so by factors beyond their control). We propose that there is evidence for 
harvesters’ intentions changing as well as over-confidence in estimating the control they have over 
euthanasing young at foot. 

The term, literal inconsistency refers to when people express willingness to perform a certain 
behaviour but fail to do so (Fishbein & Ajzen, 2010). For some behaviours it can be difficult for 
people in a hypothetical context to imagine what they would believe or how they would feel and react 
in the real situation. This may be what we are observing here. As a condition of their licence, 
harvesters must follow the Code, which stipulates that young-at foot must be euthanased after their 
mother has been shot. It is not surprising then that harvesters have reported on the questionnaire a 
high level of perceived control over this behaviour and strong intentions to perform it. According to 
(Fishbein & Ajzen, 2010), overestimation of intention to act is more likely to occur with behaviours 
that are socially desirable. Although the harvesters think that animal protection groups and the general 
public may not approve, harvesters perceive a strong social (and legal) pressure from farmers/graziers 
and kangaroo management agencies to euthanase young-at-foot—and they probably want do the right 
thing—however, in reality it is possible that it is difficult to perform and their actual control is quite 
low. Thus, on paper the harvesters may express an intention to engage in this behaviour, but when 
faced with actual performance of the behaviour in a real situation, their perceptions or beliefs may 
change producing a different intention.  

An important belief that could change in the real situation relates to the suffering of joeys. Harvesters 
believe that a positive consequence of euthanasing young-at-foot is reducing joey suffering but they 
also strongly believe that a negative consequence of this behaviour is that they take away the joeys 
‘chance at life’, especially when they appear to be old enough to survive by themselves. It is possible 
that harvesters’ judge that many joeys are old enough to fend for themselves and will not suffer if they 
are let go, therefore they don’t attempt to euthanase them.  

Another factor which could influence intentions is emotion. Fishbein and Ajzen (2010) have 
suggested that sometimes when filling out a questionnaire (i.e.in a hypothetical situation) people don’t 
anticipate the strong emotions that may influence whether or not they perform a behaviour in a real 
situation. It is possible that harvesters could experience strong emotions when faced with killing a 
joey, and these are powerful enough to stop them from doing it. Mellor et al. (2010) have suggested 
that vulnerable young animals can have a significant emotional impact on humans, creating an innate 
drive to protect them. We may have observed evidence of this internal head versus heart conflict with 
one harvester who set free a joey because he judged it to be old enough to fend for itself, but later that 
night euthanased another joey of a similar age. 

This changing of intentions could explain why the eight out of 24 (33%) young-at-foot that remained 
stationary and calm potentially enabling the harvesters to deliver a clean shot, were not euthansed. On 
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the other hand there is also evidence that harvesters believe they have more control over euthanasing 
young-at-foot than they actually do. Fourteen of the 24 (58%) young-at-foot that we observed quickly 
fled after their mother was killed, making it impossible for harvesters to take a clean shot. Thus it is 
possible that with this particular behaviour, intentions may not be a good predictor of actual 
behaviour. Harvesters sometimes cannot euthanase young-at-foot but at other times they can, but do 
not. To investigate this further we would need to make observations of the behaviour of more 
individual harvesters—it was unfortunate that we did not have the cooperation of sufficient 
participants with the current research to do this.  

Conclusions 
We recommend that a strategy is required to educate harvesters about the welfare impact of orphaning 
on dependent young-at-foot. Our research has demonstrated that the welfare impact on young-at-foot 
can be severe when they lose their mother. Thus, whenever possible, dependent young-at-foot should 
be euthanased after their mother has been shot, so that suffering is minimised. Most harvesters report 
a strong desire to reduce the suffering of joeys but also state that they don’t like killing them, which 
creates a strong internal conflict. Therefore, harvesters need to be encouraged to euthanase young-at-
foot and be informed about the negative consequences for joeys when they are left to fend for 
themselves. Pressure from external sources is also likely to contribute somewhat to harvesters’ 
conflict. From this study we have learned that harvesters receive mixed messages about what they 
should do when faced with the situation of an orphaned young-at-foot. State kangaroo management 
agencies as well as farmer/graziers want them to euthanase joeys, but they perceive strong pressure 
from animal protection groups (and to a lesser extent the general public) not to euthanase them. To 
reduce the suffering of dependent joeys, a consistent message to euthanase them must come from all 
outside influences, but should be especially strong from the management agencies since harvesters are 
motivated to comply with them the most.  

Harvesters should also be strongly encouraged to read, understand and comply with the Code. 
Although our data on this aspect is correlational in nature and we cannot make causal inferences, we 
found that harvesters who had more Code knowledge also had more positive attitudes towards 
euthanasing young-at-foot and greater intention to euthanase young-at-foot. Again, for this to be most 
effective, the encouragement (possibly in the form of training, education, compliance messages) 
should come from the kangaroo management agencies. The Code should be reviewed to provide more 
specific instructions on what actions harvesters should take in specific circumstances when they 
encounter young-at-foot. They should also outline the welfare consequences of leaving or setting free 
dependent young. 

From our correlational data, we also observed that full-time harvesters (or those that receive most of 
their income from harvesting) have more positive attitudes towards animal welfare and towards 
euthanasing young-at-foot, and they also intend to euthanase young-at-foot more than part-time 
harvesters. To create a more humane kangaroo industry, and to encourage professionalism and 
motivation to improve the welfare of harvested animals, the kangaroo industry should be promoting 
the full-time participation of harvesters, rather than part-time. Older harvesters also had a more 
positive attitude toward euthanasing young-at-foot compared with younger harvesters. A mentoring 
program, whereby skilled and experienced older harvesters train younger inexperienced harvesters, 
may also contribute to a workforce which is more driven to improve animal welfare. 
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Evaluating the attitudes of the general 
public toward the management of 
kangaroos 
Introduction 
For many people in today’s society, the use and management of animals is acceptable provided that 
such management is humane, and therefore does not cause unnecessary pain and suffering (Mellor & 
Littin 2004). The management of kangaroos is a sensitive issue in Australia and it is common to 
encounter (often heated) disagreement over appropriate management options in a range of situations 
where kangaroo numbers need to be controlled. The controversy usually stems from concern within 
the general public about why kangaroos need to be managed and the methods used to control them. 
Determining the attitudes, values, concerns, knowledge and beliefs of the general public with regard 
to the management of kangaroos will be an important component of understanding why there is 
opposition to some forms of management and acceptance of others.  

It is important that the kangaroo harvesting industry take into account the concerns of society when 
developing policies. But this is not straightforward— attitudes and beliefs about commercial 
harvesting are likely to vary greatly among different groups in the community. The concerns of some 
groups may be based on scientific knowledge and science whilst others may be based on emotional 
instinct, moral stance or opinion. To improve our integration of scientific knowledge with community 
concerns we need to understand what drives people to support or oppose kangaroo harvesting. If we 
do not try to understand the general public’s attitudes about this issue, the kangaroo industry may be 
forced to make decisions based on what some stakeholders demand – and this may not always result 
in the best outcomes for the industry or kangaroos.  

Serpell (2004), writing about the factors influencing the general public's attitudes towards animals and 
animal welfare, stated it well—changes in the community’s attitudes and opinions are usually the 
driving force behind improvements in animal welfare legislation and policy. Furthermore, scientific 
evidence, on its own, will never be sufficient to bring about improvements in animal welfare unless 
this evidence resonates with the public’s attitudes and values. These same arguments apply equally to 
commercial kangaroo harvesting; greater acceptance of commercial kangaroo harvesting cannot 
depend solely on scientific evidence or economic arguments—the evidence and arguments must also 
reflect the public attitudes and values towards kangaroos. 

There are numerous examples of the use of surveys to determine the attitudes of the general public to 
animal welfare and wildlife management. These studies have covered issues such as the general 
attitude of consumers to the welfare of farmed animals (Kjærnes et al. 2007) and attitudes toward the 
value of wildlife in Australia (Miller 2003; Miller & Jones 2006). In some cases, specific attitudes 
toward the management of pest wildlife have been studied, in particular the acceptability of lethal 
control of a native species (Agee & Miller 2009). The surveys indicate that issues such as welfare and 
acceptance are complex and members of the public often have strong emotional attachment to 
animals.  

The attitude of the general public towards animal welfare, humane killing and the management of 
kangaroos, has not been studied in detail. For instance, it is not clear if the messages of cruelty and 
suffering that animal rights groups use to describe the commercial kangaroo harvest resonate with the 
attitudes of the general public. Furthermore, it is not clear if the counter-arguments put forward by the 
kangaroo industry are accepted by the general public. In the absence of information both opponents 
and proponents of the commercial kangaroo industry have argued that public opinion supports their 
arguments and not their opponents. However, there have been no published studies of attitudes of the 
general public that could address this impasse. 
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The aim of this chapter is to describe the attitudes of the general public towards the management of 
kangaroos, including commercial harvesting. Attitudes towards the methods used to manage 
kangaroos—including lethal and nonlethal methods—were rated on the basis of acceptability, 
humaneness, effectiveness, safety to the public, and the likelihood of contributing to the extinction of 
kangaroos. In addition, the affective associations of three methods of killing (lethal injection, shooting 
and blunt trauma) were also assessed, along with a measure of general knowledge about kangaroos. 

We hope that the information provided by this survey will improve understanding of the general 
public's attitudes towards the management of kangaroos. 

Materials and methods 
The methods and data presented here are part of a larger study on the attitudes of the general public 
towards animal welfare, humane killing and the management of kangaroos. 

Procedure 

Data were gathered during April, 2013 via a 108 item web-based survey administered by Qualtrics 
(Australia) to panel participants aged 18 years and older who resided in Australia. The data collection 
provider was asked to specifically recruit a panel sample that was representative of the Australian 
public based on demographic and geographic specifications from Australian census figures for 2011. 

Participants 

The sample comprised 1050 participants (49% male, 51% female). Ages ranged from 18 to 89 years, 
which included 83% aged between 18 and 64 and 17% aged 65 years and over. Eighteen per cent of 
participants reported that the highest level of education completed was Year 10 (or below) at high 
school, 19% had completed Year 12 at high school, whilst 37% had completed a TAFE certificate of 
diploma. Twenty-five per cent had completed a Bachelor degree or above. Sixty seven per cent 
described their current residential circumstances as residing in a metropolitan area of a major city 
(over 100,000 people), 11% reported that they lived in a large town (over 25,000 people), and 22% 
resided in a country town or rural area or village. All of these figures closely correspond with 
statistics collected during the 2011 national census (ABS, 2011). 

Measures 

Affective associations 

Affective associations with kangaroos were assessed using an approach developed by Peters and 
Slovich (1996) and used by Hine et al. (2007). Participants were asked to list the first three thoughts 
or images that came to mind when presented with the cue word “kangaroo” and then rate each 
thought/image on a scale ranging from 1 (very negative) to 5 (very positive). The three affect ratings 
were then averaged to form a composite index of affect valence.  

Ratings for nine kangaroo management methods 

Participants were provided with a short description of nine different kangaroo management methods. 
These were: 

1. Shooting by professional shooters (commercial harvesting) 
Kangaroos are shot by an experienced shooter who has passed an accuracy test. A national 
code of practice requires that all kangaroos must be head shot (i.e. killed by a shot to the head 
that destroys the brain). Meat and skin from carcases are used commercially. Animals that 
have been shot in the body are not accepted by buyers. 
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2. Shooting by professional shooters (animals shot and carcases ‘let lie’) 
Shot by an experienced shooter. A national code of practice requires that in most 
circumstances kangaroos must be head shot (i.e. killed by a shot to the head that destroys the 
brain). Meat and skin of the carcase are NOT used commercially and the carcase is left where 
it was shot. 

3. Shooting by non-professional shooters (animals shot and carcases ‘let lie’) 
Shot by a shooter whose level of experience may range from inexperienced to highly 
experienced. A national code of practice requires that in most circumstances kangaroos must 
be head shot (i.e. killed by a shot to the head that destroys the brain). Meat and skin of the 
carcase are NOT used commercially and the carcase is left where it was shot. 

4. Capture followed by euthanasia 
Kangaroos are approached (to a distance no more than 50 metres) and captured using a dart 
containing an anaesthetic. While kangaroos are unconscious they are killed by a lethal 
injection.  

5. Capture followed by translocation 
Kangaroos are approached (to a distance no more than 50 metres) and captured using a dart 
containing an anaesthetic. While kangaroos are unconscious they are transported to another 
location and released.  

6. Fertility control 
Kangaroos are approached (to a distance no more than 50 metres) and captured using a dart 
containing an anaesthetic. While kangaroos are unconscious they are injected with a drug that 
makes them infertile or are surgically sterilised and then released. 

7. Exclusion from water points 
A fence or other barrier is placed around a water source (dam or trough). Kangaroos are 
prevented from drinking. 

8. Exclusion fencing 
A fence or other barrier is placed around a resource (e.g. a crop or pasture). Kangaroos are 
prevented from accessing the resource. 

9. Do nothing – no management 
No human intervention. 

They were then asked to rate each of these methods on the following aspects on a 5-point scale: 

1. How ACCEPTABLE they are (very acceptable to very unacceptable) 
2. How HUMANE they are (very humane to very inhumane) 
3. How EFFECTIVE they are at preventing damage such as overgrazing or biodiversity loss 

(very effective to very ineffective) 
4. PUBLIC SAFETY  (very safe to very unsafe) 
5. How likely they are to contribute to the EXTINCTION of kangaroos (very likely to very 

unlikely) 

Knowledge about kangaroos and their management 

General knowledge about kangaroos was assessed by responses to eight statements. Five statements 
were accurate facts about kangaroos (“During periods of severe drought many kangaroos still die of 
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starvation even though they are well-adapted to live in the Australian environment”) and three 
statements were incorrect (e.g. “Kangaroos are farmed just like sheep and cattle”). Participants 
selected True, False, or Don’t Know. Correct responses scored one point, and incorrect and don’t 
know responses scored zero. Total scores were created by summing all item scores, resulting in a 
possible range from zero to eight.  

Attitudes towards different methods used to kill kangaroos 

Attitudes towards three killing methods (shooting, blunt trauma to the head and capture followed by 
lethal injection) were assessed using the semantic differential technique. Eleven adjective pairs (e.g. 
good/bad, cruel/compassionate, brutal/humane, violent/gentle, quick/slow) were presented and 
respondents were asked to rate the killing methods on each of the dimensions using a 7-point scale. 
Each adjective pair was scored from 1 (unfavourable) to 7 (favourable) and the scores were added to 
give an overall score for each killing method. A higher score represents a more favourable attitude 
towards that method. 

Results and discussion 

Affective associations 

The mean affect valence score of the thoughts or images that panel participants associated with 
kangaroos was 4.05, indicating that participants had a strong positive affective association with 
kangaroos. In other words, their immediate emotional response was that they viewed kangaroos 
positively, as a national emblem or as a food source. They used words or phrases such as ‘our native 
animal’, ‘skippy’, ‘food’, ‘unique’ to describe positive emotions and thoughts. They used words such 
as ‘road kill’, ‘stupid’, ‘dangerous’ and ‘land destruction’ to describe negative thoughts. The overall 
pattern was, however, overwhelmingly positive. 

Rating of kangaroo management methods 

The rating of kangaroo management methods was scored on a 5-point Likert scale, which ranged from 
1 to 5 with 1 being unacceptable, inhumane, ineffective, unsafe or unlikely, and 5 being acceptable, 
humane, effective, safe or likely—depending on the question being asked. A mean score of 3, being 
the midpoint, indicates that the belief is not strong either way—although the response to some 
questions was polarised with equally high numbers of responses on either side of the midpoint. 

Shooting by professional shooters (commercial harvesting) 

 Commercial harvesting by professional shooters had a mean acceptability score of 3.74 (SD=1.25), 
indicating that the majority of participants (69%) found it ‘slightly acceptable’ or ‘very acceptable’. 
The majority of participants (63%) also viewed commercial harvesting as either ‘slightly humane’ or 
‘very humane’, with a mean score of 3.56 (SD=1.31). Twenty four per cent of participants thought 
that it was either ‘slightly inhumane’ or ‘inhumane’. Commercial harvesting is viewed as being 
effective at preventing damage from overgrazing with the majority considering it ‘effective’ or ‘very 
effective’ (75%, mean=3.89, SD=0.94). It is considered to be a method that is safe to the public by 
majority of participants (mean=3.57, SD=1.17), with 58% considering it to either ‘slightly safe’ or 
‘very safe’. Finally, a small majority of participants thought that commercial harvesting was 
‘unlikely’ or ‘very unlikely’ to contribute to extinction (51%, mean=2.74, SD=1.26), while 32% 
thought that it was ‘likely’ or ‘very likely’. 

Shooting by professional shooters (animals shot and carcases ‘let lie’) 

This method of kangaroo management differs from commercial harvesting in that the carcases are not 
used.  
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In contrast to the beliefs held toward commercial harvesting, when professional shooters do not use 
the carcase of shot kangaroos only 22% of participants thought that the method was ‘slightly 
acceptable’ or ‘acceptable’. The majority of participants (65%) thought that the method was ‘slightly 
unacceptable’ or ‘unacceptable’ (mean=2.28, SD=1.29). Similarly, the majority of participants viewed 
this type of management as ‘slightly inhumane’ or ‘inhumane’ (60%) and only 21% believed it to be 
either ‘slightly humane’ or ‘humane’ (mean=2.34, SD=1.28). Forty seven per cent of participants 
thought that shoot and let-lie by professional marksmen was either ‘effective’ or ‘very effective’ at 
reducing the overgrazing impacts of kangaroos. Alternatively, 27% believed it to be either 
‘ineffective’ or ‘very ineffective’ (mean=3.19, SD=1.16). More participants believed that this method 
was either ‘slightly unsafe’ or ‘very unsafe’ as opposed to ‘slightly safe’ or ‘very safe’ (45% vs. 
33%)(mean=2.82, SD=1.26). More participants also thought that this method was less likely to 
contribute to extinction (‘unlikely’ + ‘very unlikely’ = 43%), whereas 36% thought that it was ‘likely’ 
or ‘very likely’ (mean=2.92, SD=1.27). 

In terms of relative humaneness, effectiveness, safety and the likelihood it will contribute to 
extinction, the only difference between commercial harvesting and shoot and let-lie by professional 
marksmen is that the carcasses are used in the former method but not in the latter. Consequently, 
beliefs regarding humaneness, effectiveness, safety and likelihood of contributing to extinction should 
be similar but in most cases they were not. Participants thought that commercial use was more 
humane (63% vs. 21%), more effective (75% vs. 47%) and safer (58% vs. 33%). The exception was 
likelihood of contributing to extinction, where shoot and let-lie was slightly higher than commercial 
use, but not by much (36% vs. 32%). The notable differences in beliefs indicate that the general 
public is more comfortable with a method that makes use of the carcase. 

Shooting by non-professional shooters (animals shot and carcases ‘let lie’) 

The difference between this method and the preceding method is that non-professionals (e.g. 
recreational hunters, landholders etc.) do the killing. Therefore, a direct comparison between the two 
methods contrasts public attitudes toward amateur vs. professional marksmen.  

The overwhelming majority of participants viewed shooting by non-professional marksmen as either 
‘very unacceptable’ (63%) or ‘slightly unacceptable’ (20%). Only 9% believed it to be either ‘slightly 
acceptable’ or ‘acceptable’ (mean=1.65, SD=1.02). Similar proportions of participants believed that 
non-professional shooting was either ‘very inhumane’ (68%) or ‘slightly inhumane’ (18%) and only 
5% thought that it was either ‘slightly humane’ or ‘very humane’ (mean=1.53, SD=0.92). Forty-one 
per cent of participants thought that shooting by non-professionals was not effective at reducing 
overgrazing impacts (‘ineffective’ or ‘very ineffective’). Thirty-one per cent thought it was effective 
(‘effective’ or ‘very effective’) (mean=2.77, SD=1.18). The majority of participants thought that it 
was either ‘slightly unsafe’ or ‘very unsafe’ (70%), while 11% thought that it was safe (‘slightly safe’ 
or ‘very safe’)(mean=2.01, SD=1.11). The participants were split almost equally between those that 
thought that shooting by non-professional marksmen would be either ‘unlikely’ or ‘very unlikely’ 
(40%) to contribute to extinction and those that thought it would be either ‘likely’ or ‘very likely’ 
(44%)(mean=3.09, SD=1.36). 

Done properly by proficient shooters, there should be very little difference between shoot and let-lie 
killing done by professional or non-professional marksmen. The participants, however, viewed the 
two groups quite differently. Shooting by professional marksmen was thought to be more acceptable 
(22% vs. 9%), more humane (21% vs. 5%), more effective (47% vs. 31%), safer (33% vs. 12%) and 
less likely to contribute to extinction (43% vs. 40%), than shooting by non-professional marksmen. 

Comparing the three methods above—commercial harvest, shoot and let-lie by professional 
marksmen and shoot and let-lie by non-professional marksmen—the results clearly indicate a 
preference: if the kangaroo is to be killed, it should be done by a professional shooter and the carcass 
should be used. 

Capture followed by euthanasia 
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Capture followed by euthanasia was viewed as slightly more acceptable than unacceptable by 
participants (mean=3.18, SD=1.37). Forty-nine per cent of participants believed that this method was 
either ‘slightly acceptable’ or ‘acceptable’, whereas 34% thought that it was either ‘slightly 
unacceptable’ or ‘unacceptable’. This method was also considered to be either ‘slightly humane’ or 
‘humane’ by 55% of participants, while 27% believed it to be either ‘slightly inhumane’ or 
‘inhumane’ (mean=3.41, SD=1.34). Capture followed by euthanasia was thought be highly effective 
at reducing the grazing impacts of kangaroos, with 65% of participants indicating that it was either 
‘effective’ or ‘very effective’. Only 9% thought it was ineffective and a further 4% thought it was 
‘very ineffective’ (mean=3.64, SD=1.02). Fifty-nine per cent of participants thought that it was either 
‘slightly safe’ or ‘very safe’, while 14% thought that it was either ‘slightly unsafe’ or ‘unsafe’ 
(mean=3.71, SD=1.14). There was little difference between the proportion of participants that thought 
that the method was either likely or unlikely to contribute to the extinction of kangaroos (combined 
‘likely’ and ‘very likely’ = 37% vs. combined ‘unlikely’ and ‘very unlikely’ = 42%, mean=2.93, 
SD=1.27). 

Capture followed by translocation 

Capture followed by translocation was viewed favourably as a management method by the 
participants. The majority believed that it was either ‘slightly acceptable’ (34%) or ‘very acceptable 
(36%), while only 16% believed it to be either ‘slightly unacceptable’ of very ‘unacceptable’ 
(mean=3.87, SD=1.15). Most participants also considered it to be either ‘slightly humane’ or ‘very 
humane’ (76%), whereas only 10% considered it to be either ‘slightly inhumane’ or ‘very inhumane’ 
(mean=4.07, SD=1.08). There was less support for translocation being an effective method of 
management with only 49% considering it either ‘effective’ or ‘very effective’. Twenty-seven per 
cent considered it to be either ‘ineffective’ or ‘very ineffective’ (mean=3.29, SD=1.12). Most 
participants considered the method to be safe for the public (combined ‘slightly safe’ and ‘very safe’ 
= 59%), while 14% considered it to be either ‘slightly unsafe’ or ‘unsafe’ (mean=3.71, SD=1.14). A 
clear majority of participants believed that translocation would not contribute to the extinction of 
kangaroos, with 38% believing it to ‘unlikely’ and a further 20% believing it to be ‘very unlikely’. In 
contrast, 22% thought that it would be either ‘likely’ or ‘very likely’ (mean=2.5, SD=1.15). 

Fertility control 

Fertility control was viewed as a ‘slightly acceptable’ or ‘very acceptable’ method of management by 
64% of participants. Nineteen per cent of participants thought it was either ‘slightly unacceptable’ or 
‘very unacceptable’ (mean=3.66, SD=1.22). Most participants believed it to be a humane method with 
34% regarding it as ‘slightly humane’ and 31% as ‘very humane’. Only 18% considered it to be either 
‘slightly inhumane’ or ‘inhumane’ (mean=3.71, SD=1.22). Fertility control was believed to be 
effective with 65% of participants indicating that it was either ‘effective’ or ‘very effective’. Fourteen 
per cent thought that it was either ‘ineffective’ or ‘very ineffective’ (mean=3.64, SD=0.98). Most 
participants believed fertility control to be safe to the public (combined ‘slightly safe’ and ‘very safe’ 
= 64%), while only 9% considered it to be either ‘slightly unsafe’ or ‘very unsafe’ (mean=3.87, 
SD=1.04). There was about the same proportion of participants who thought that fertility control was 
either likely (‘likely’ or ‘very likely’) or unlikely (‘unlikely’ or ‘very unlikely’) to contribute to the 
extinction of kangaroos (39% vs. 41%, respectively)(mean=2.96, SD=1.23). 

Exclusion from water points 

Most participants thought that excluding kangaroos from water points was either ‘slightly 
unacceptable’ (28%) or ‘very unacceptable’ (38%), whereas 22% of participants thought that it was 
either ‘slightly acceptable’ or ‘very acceptable’ (mean=2.24, SD=1.28). A clear majority believed 
exclusion from water to be inhumane, with 54% considering it to be ‘very inhumane’ while a further 
26% thought it was ‘slightly inhumane’. Only 8% of participants thought that it was either ‘slightly 
humane’ or ‘very humane’ (mean=1.77, SD=1.03). Participants were evenly split between those who 
thought exclusion from water to be an effective method of managing kangaroo impacts (combined 
‘effective’ and ‘very effective’ = 36%) and those who thought it would be ineffective (combined 
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‘ineffective’ and ‘very ineffective’ = 35%) (mean=2.97, SD=1.07). This method was most commonly 
viewed as ‘neither safe nor unsafe’ (32%), with slightly more participants viewing it as either ‘slightly 
safe’ or ‘very safe’ (42%) (mean=3.26, SD=1.23). Exclusion from water points was thought to be 
unlikely to contribute to extinction by 29% of participants, while a further 17% thought that it was 
‘very unlikely’. Thirty-six per cent thought it would be either ‘likely’ or ‘very likely’ to contribute to 
extinction (mean=2.85, SD=1.30). 

Exclusion fencing 

Exclusion fencing was thought to be an acceptable method of managing kangaroos by 51% of 
participants (combined ‘slightly acceptable’ and ‘very acceptable’). A further 34% of participants 
considered it to be either ‘slightly unacceptable’ or ‘very unacceptable’ (mean=3.20, SD=1.35). Forty-
nine per cent of participants viewed it as either ‘slightly humane’ or ‘very humane’, while a further 
29% thought that it was either ‘slightly inhumane’ or ‘very inhumane’ (mean=3.27, SD=1.31). Just 
over half of the participants (52%) considered exclusion fencing as an effective form of managing the 
grazing impacts of kangaroo (combined ‘effective’ and ‘very effective’), while 22% considered it to 
be either ‘ineffective’ of ‘very ineffective’ (mean=3.33, SD=1.04). Exclusion fending was thought to 
be safe by 53% of participants. Twenty per cent regarded it as either ‘slightly unsafe’ or ‘very unsafe’ 
(mean=3.52, SD=1.17). Most participants thought that this method would be either ‘unlikely’ or ‘very 
unlikely’ to increase the likelihood of extinction, while a further 22% considered it to be either 
‘likely’ or ‘very likely’ (mean=2.5, 1.15).  

Do nothing – no management 

Deciding to do nothing and allow kangaroos to live without intervention was viewed as either 
‘slightly acceptable’ or ‘very acceptable’ by 28% of participants. Thirty-nine per cent thought that this 
approach was either ‘slightly unacceptable’ or ‘very unacceptable’ (mean=2.85, SD=1.25), while a 
third of participants (33%) were ‘undecided’. More participants were undecided if doing nothing was 
humane, with 30% considering it to be either ‘slightly humane’ or ‘very humane’, while a further 26% 
thought it was either ‘slightly inhumane’ or ‘very inhumane’ (mean=3.10, 1.18). Most participants 
(64%) viewed doing nothing as either ‘ineffective’ or ‘very ineffective’, with only 6% considering it 
either ‘effective’ or ‘very effective’. Just under a third (30%) considered it be neither effective nor 
ineffective (mean=2.11, SD=0.96). Forty-three per cent of participants considered no management to 
be neither safe nor unsafe, while 29% considered it to be either ‘slightly safe’ or ‘very safe’, and a 
further 28% considered it to be either ‘slightly unsafe’ or ‘very unsafe’ (mean=3.07, SD=1.20). A 
clear majority (74%) indicated that doing no management was either ‘unlikely’ or ‘very unlikely’ to 
contribute to the extinction of kangaroos, while 7% thought that it might (combined ‘likely’ and ‘very 
unlikely’)(mean=1.89, SD=1.02).
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Figure 34 Ratings—in terms of acceptability, humaneness, effectiveness, public safety and the likelihood of contributing to extinction of 
kangaroos—given by the participants to 9 methods for managing kangaroos. 
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Knowledge about kangaroos  

The participants answered, on average, about half of the questions correctly (48%). Fifteen per cent of 
the questions were answered incorrectly and the remaining 37% were scored as ‘Don’t know’ (Figure 
35). Only three questions out of 8 were answered correctly by more than half the participants. These 
questions related to the likelihood of extinction due to current harvesting practices (question 2), 
survival during drought (question 4) and biodiversity impacts of grazing (question 7). The question 
relating to the humaneness of harvesting by a shot to the brain was answered correctly by slightly 
more than a third of the participants and one-in-four answered it incorrectly.  

The results indicate that there is scope for improving general knowledge of the biology and ecology of 
kangaroos in the general community.
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Figure 35 The percentage of general knowledge questions answered by the participants correctly, incorrectly or unsure (“Don’t know”).
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Attitudes towards different methods of killing 

A score of 4 would indicate that the participants had neither a positive not a negative association with 
the adjectives in question. For example, in Question 1 a score of 4 would indicate that the method was 
neither good nor bad. A score above 4 would indicate a positive association—the method would be 
viewed as good—while a score below 4 would suggest that the method was viewed as bad. 

The participants made a clear distinction in their affective attitudes regarding the 3 different methods 
of killing. The participants rated ‘Shooting’ and ‘Capture followed by lethal injection’ similarly for 
most adjective pairs, and the overall average scores were 4.25 and 4.56, respectively (Figure 36). The 
largest differences (where the difference in the mean rating was greater than 1) between these two 
methods occurred in the affective ratings for violent/gentle and slow/quick, where shooting was rated 
more violent and quicker than lethal injection. In contrast to the similarity between these two 
methods, ‘blunt trauma’ was given an average rating of 1.96, far below both ‘shooting’ and ‘capture 
followed by lethal injection’. 

The affective ratings indicate that the general public view the killing of kangaroos by either shooting 
or lethal injection as similar, and did not view these methods positively or negatively. The view of the 
general public toward blunt trauma could be categorised as strongly negative. 

 

 

Figure 36 Adjective pairs associated with killing by shooting, capture followed by lethal 
injection and blunt trauma. 

 

General Discussion 
In this general discussion, we cover some of the key results from the survey of the general public. 
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Humaneness and acceptability of blunt trauma as a method of euthanasia 

Blunt trauma was viewed negatively by the participants. If done properly, however, blunt trauma can 
be an effective and humane method of killing neonates with thin craniums (American Veterinary 
Medical Association 2013). The negative affective association of blunt trauma is most likely related to 
its unaesthetic values—it is a violent method that is not pleasant to watch or use. Even though it is 
aesthetically displeasing, we have demonstrated that it is an effective and quick method of killing in-
pouch kangaroo young and is the most humane of the currently available methods (see Chapter 1). 
Education of the public regarding the relative humaneness of alternative methods of killing dependent 
young would help address this disparity between what the public perceives as an inhumane method 
and what the scientific evidence shows. Blunt trauma is violent and it is unpleasant to do, but done 
properly can be an effective and humane way to kill in-pouch kangaroo young. 

Affective association 

Not surprisingly, the general public view kangaroos positively. Kangaroos are a charismatic, native 
species that enjoy iconic status in Australia and around the world. Nevertheless, the results of the 
survey indicate that the majority of participants in the survey recognise that there are situations in 
which kangaroo density needs to be managed to minimise their grazing impacts on biodiversity. In 
these situations, the majority of the general public accept lethal control as a method of managing 
kangaroo populations, and moreover if the carcases are used. 

Rating of lethal and nonlethal control 

On average, nonlethal methods for managing kangaroos were viewed by the participants as more 
acceptable than lethal methods. The mean acceptability rating for nonlethal methods (excluding ‘Do 
nothing’) was 3.24 vs. 2.71 for lethal methods. However, commercial harvesting was clearly more 
acceptable than the other lethal methods considered, and the only nonlethal method more acceptable 
than commercial harvesting was translocation. These results indicate that the majority of the general 
public prefer nonlethal methods to lethal methods but— importantly—consider commercial 
harvesting, out of all the lethal methods, as an acceptable form of management. Furthermore, the 
participants indicated, that if a kangaroo was to be killed, a strong preference for the use of the 
carcase.  

The only other method with a higher acceptability rating than commercial harvesting was 
translocation. Translocation also received the highest humaneness rating, with a mean score of 4.07. 
However, the perceived humaneness of translocation is at odds with its welfare impact. The outcome 
for translocated wildlife is often not good, with animals suffering high mortality and stress, and 
consequently poor welfare (Teixeira et al. 2007; Dickens et al. 2010). For example, koalas had a 
mortality rate of 37.5% in the first 12 months following translocation. A similar mortality rate was 
recorded for translocated eastern grey kangaroos in their first 12 months following translocation 
(Higginbottom & Page 2010). While translocation might solve problems of overabundance at the 
source of the animals, it is highly likely to result in poor welfare for many of the animals translocated 
(Whisson et al. 2012). Again, education of the public would help address the imbalance between the 
general public’s belief in the perceived humaneness of translocation and the results of scientific 
studies.  

The results of the survey indicate that the general public’s attitudes toward kangaroo management and 
acceptance of lethal control to manage kangaroos would be assisted by education derived from 
scientific studies on kangaroo ecology, biology and welfare. Additionally, the ideas of animal 
protection groups that criticise the kangaroo harvesting industry as an unsustainable and cruel industry 
are not supported by the majority of the general public, who see commercial harvesting of kangaroos 
as acceptable, effective and humane. 
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Implications 
Euthanasia assessments 

Our assessment of currently used methods indicates that for any in-pouch young with fur, blunt 
trauma is an acceptable method of euthanasia; at least until the use of a captive-bolt device is refined. 
However, the technique of delivering blunt trauma to the head of a joey is not currently standardized 
and we recorded variability in its use and effectiveness. We recommend that the application of blunt 
trauma to the head needs to be standardized. Standardisation must include prescriptive training in the 
best way of using blunt trauma to the head.  

Decapitation for any animal that has started to grow fur is an unacceptable method of euthanasia. 
Blunt trauma provides a more humane death for these animals. 

For unfurred pouch-young decapitation is an acceptable method since it is likely that highly 
immature young are not sensible (but it must be noted that this recommendation is based on 
extrapolated results from other species). 

Captive-bolt 

A captive-bolt device is a practical and useful tool for delivering a standardised method of stunning. 
Although the outcome of the trial of a captive-bolt device was inconclusive, there were enough results 
to encourage further investigation and we strongly recommend that further research be done. Further 
research should include testing other captive-bolt devices, to investigate factors such as the power and 
velocity of different devices. Further examination of the causes of the high failure rate of first shot is 
also required with respect to positioning of the bolt on the head and the possible existence of neuro-
protective mechanisms in pouch-young that might make them unsuitable for stunning with a captive-
bolt. 

Separation 

The impacts on the welfare of young-at-foot subjected to an abrupt and permanent separation from 
their mother were consistent with separation stress. We conclude that, although young-at-foot may not 
die in the short-term, they suffer a welfare compromise after abrupt maternal separation and therefore 
should always be euthanased, where this is possible. We recommend that harvesters be educated 
regarding the consequences of separation and why suffering is reduced by euthanasing young-at-foot. 

Harvester questionnaire 

The questionnaire of commercial harvesters’ attitudes to euthanasia of pouch-young and young-at-
foot indicated that harvesters want to reduce the suffering of dependent kangaroo young and feel 
pressure to do this, particularly from regulators. We also found that harvesters have a strong intention 
to euthanase young but that this intention does not translate to behavior. We recommend that further 
research be done to investigate this anomaly.  

We suggest that education is needed to reinforce the findings that young-at-foot will suffer if they are 
not euthanased. 

Public survey 

Our results indicate that the majority of the general public accepts commercial harvesting as an 
acceptable, humane and effective method of managing kangaroos. There is, however, less acceptance 
of non-commercial shooting. 
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The results also indicate that the majority of the general public do not like blunt trauma to the head as 
a method for euthanasing dependent young. However, there is clear evidence that blunt trauma to the 
head is a humane method of euthanasia for neonates with thin skulls and is currently the best method 
available for killing furred pouch-young. We recommend that education be developed that addresses 
animal welfare issues, but that the issue should be examined from the animal’s perspective rather than 
the affective perspective of the human observer, which seems to dominate. Information would include 
the reasons why blunt-trauma, in the situations where it is used, is the most effective method available 
and is humane, and why alternative methods such as lethal injection or translocation create a greater 
welfare compromise.  

We would also emphasise that not telling the public about the animal welfare impacts of commercial 
kangaroo harvesting should no longer be considered an option. 
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Appendix 
Summary statistics: Ageing of red kangaroo, eastern grey 
kangaroo and western grey kangaroo based on head or tail length 
The age of joeys was estimated using nonlinear regression of either head length and age, or tail length 
and age. We used the R function nls (R Core Team 2013) and the self-starting functions SSmicmen, 
SSlogis and SSgompertz to fit a Michaelis-Menten, logistic or Gompertz equations, respectively. We 
then used the R package AICcmodavg (Mazerolle, 2013) to choose the best model based on AIC. 

Red kangaroos 

Estimating age as a function of tail length we found that the Michaelis-Menten equation,
( )xK

xVy m

+
= , 

provided the best fit with an AIC of 1247, whereas the logistic and the Gompertz equation provided 
substantially poorer fits to the data with AIC’s of 1386 and 1317, respectively. The fitted equation 
explained 98.4% of the total variation in age, where x is tail length (mm), y is age (days), and the 
fitted values were Vm = 398.8 ± 9.513 (± 1 standard error) and K = 337.6 ± 13.74 (± 1 standard error) 
(n = 177) (Figure 37). It needs to be noted that the data provided by (Sharman et al. 1964) is based on 
only a few individuals that were repeatedly measured as they grew, and thus the standard errors will 
be conservative. Nevertheless, this was the most complete data set we were able to find. 

Using head length to estimate age we found that the Gompertz equation, ( )xcbeay .. −= , provided the 
best fit with an AIC of 1395, while the logistic equation and a simple linear regression had AICs of 
1429 and 1400, respectively. (The Michaelis-Menten equation was not fitted due to a failure to 
converge). The fitted equation explained 98.4% of the total variation in age, where x is head length 
(mm), y is age (days), and the fitted values were a = 310.2 ± 9.46 (± 1 standard error) and b = 3.66 ± 
0.0813 (± 1 standard error) and c = 0.979 ± 0.00081 (± 1 standard error) (n = 193) (Figure 38). 
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Figure 37 Plot of tail length (mm) against age (days) for red kangaroo joeys. Data from 
(Sharman et al. 1964). Fitted line is the Michaelis-Menten function 

( )y Vm x K x= ⋅ + , where y is age (days) and x is tail length (mm). The fitted 
parameters Vm and K took the values 398.8 and 337.6, respectively. 
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Figure 38 Plot of head length (mm) against age (days) for red kangaroo joeys. Data from 
(Sharman et al. 1964). 

 

Eastern grey kangaroo 

We were able to derive separate regressions for males and females using the data presented by Poole 
et al. (1984). 

Males: Estimating age as a function of tail length we found that the Michaelis-Menten equation,

( )xK
xVy m

+
= , provided the best fit with an AIC of 97.7, whereas the logistic and the Gompertz 

equation provided substantially poorer fits to the data with AIC’s of 106.5 and 101.4, respectively. 
The fitted equation explained 99.0% of the total variation in age, where x is tail length (mm), y is age 
(days), and the fitted values were Vm = 812.3 ± 108 (± 1 standard error) and K = 780.2 ± 157.1 (± 1 
standard error) (n = 12)Figure 37. It needs to be noted that the data provided by Poole et al (1984) is 
based on only a few individuals that were repeatedly measured as they grew, and thus the standard 
errors will be conservative. Nevertheless, this was the most complete data set we were able to find. 

Using head length to estimate age we found that the Gompertz equation, ( )xcbeay .. −= , provided the 
best fit with an AIC of 80.7, while the logistic equation and a simple linear regression had AICs of 
87.5 and 102, respectively. (The Michaelis-Menten equation failed to converge, so was not fitted). 
The fitted equation explained 99.8% of the total variation in age, where x is head length (mm), y is 
age (days), and the fitted values were a = 1313 ± 375.5 (± 1 standard error) and b = 4.126 ± 0.170 (± 1 
standard error) and c = 9.918 ± 0.00126 (± 1 standard error) (n = 12). 
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Figure 39 Eastern grey male, tail length against age. 

 
Figure 40 Eastern grey male, head length against age. 

Females: Estimating age as a function of tail length we found that the Michaelis-Menten equation,

( )xK
xVy m

+
= , provided the best fit with an AIC of 99.8, whereas the logistic and the Gompertz 

equation provided poorer fits to the data with AIC’s of 107.5 and 103, respectively. The fitted 
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equation explained 98.9% of the total variation in age, where x is tail length (mm), y is age (days), 
and the fitted values were Vm = 836.8 ± 128 (± 1 standard error) and K = 807.4 ± 185 (± 1 standard 
error) (n = 12) (Figure 37). The data provided by Poole et al. (1984) is based on only a few 
individuals that were repeatedly measured as they grew, and thus the standard errors will be 
conservative. Nevertheless, this was the most complete data set we were able to find. 

Using head length to estimate age we found that the Gompertz equation, ( )xcbeay .. −= , provided the 
best fit with an AIC of 83.1, while the logistic equation and a simple linear regression had AIC’s of 
88.6 and 105, respectively. (The Michaelis-Menten equation failed to converge, so was not fitted). 
The fitted equation explained 99.8% of the total variation in age, where x is head length (mm), y is 
age (days), and the fitted values were a = 1765 ± 758.4 (± 1 standard error) and b = 4.391 ± 0.291 (± 1 
standard error) and c = 0.993 ± 0.00149 (± 1 standard error) (n = 12). 

 

Figure 41 Eastern grey female, tail length against age. 
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Figure 42 Eastern grey female, head length against age. 

 

Western grey kangaroo 

We were able to derive separate regressions for males and females using the data presented by Poole 
et al. (1982). 

Males: Estimating age as a function of tail length we found that the Gompertz equation, ( )xcbeay .. −= , 
provided the best fit with an AIC of 86.1, whereas the logistic and the Michaelis-Menten equations 
provided poorer fits to the data with AIC’s of 90.4 and 88.8, respectively. The fitted equation 
explained 99.2% of the total variation in age, where x is head length (mm), y is age (days), and the 
fitted values were a = 537.4 ± 82.7 (± 1 standard error) and b = 2.318 ± 0.099 (± 1 standard error) and 
c = 0.997 ± 0.000548 (± 1 standard error) (n = 11) (Figure 43). It needs to be noted that the data 
provided by Poole et al. (1982) is based on only a few individuals that were repeatedly measured as 
they grew, and thus the standard errors will be conservative. Nevertheless, this was the most complete 
data set we were able to find. 

Using head length to estimate age we found that the Gompertz equation, ( )xcbeay .. −= , provided the 
best fit with an AIC of 58.9, while the logistic equation and a simple linear regression had AIC’s of 
66.9 and 90.5, respectively. (The Michaelis-Menten equation failed to converge, so was not fitted). 
The fitted equation explained 99.9% of the total variation in age, where x is head length (mm), y is 
age (days), and the fitted values were a = 1795 ± 407 (± 1 standard error) and b = 4.281 ± 0.152 (± 1 
standard error) and c = 0.993 ± 0.00078 (± 1 standard error) (n = 11) (Figure 44). 
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Figure 43 The relationship between age and tail length for male western grey kangaroos. 

 

 

Figure 44 The relationship between age and head length for male western grey kangaroos. 
 

Females: Estimating age as a function of tail length we found that the Gompertz equation, 
( )xcbeay .. −= , provided the best fit with an AIC of 91.8, whereas the logistic and the Michaelis-

Menten equations provided poorer fits to the data with AIC’s of 9408 and 93.9, respectively. The 
fitted equation explained 98.7% of the total variation in age, where x is head length (mm), y is age 
(days), and the fitted values were a = 529.5 ± 108.7 (± 1 standard error) and b = 2.239 ± 0.132 (± 1 
standard error) and c = 0.997 ± 0.00081 (± 1 standard error) (n = 11) (Figure 45). 

Using head length to estimate age we found that the Gompertz equation, ( )xcbeay .. −= , provided the 
best fit with an AIC of 69.1, while the logistic equation and a simple linear regression had AIC’s of 
73.5 and 92.3, respectively. (The Michaelis-Menten equation failed to converge, so was not fitted). 
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The fitted equation explained 99.8% of the total variation in age, where x is head length (mm), y is 
age (days), and the fitted values were a = 2604 ± 1333 (± 1 standard error) and b = 4.566 ± 0.393 (± 1 
standard error) and c = 0.994 ± 0.00132 (± 1 standard error) (n = 11) (Figure 46). 

 

Figure 45 The relationship between age and tail length for female western grey kangaroos. 
 

 

Figure 46 The relationship between age and head length for female western grey kangaroos. 
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Animal welfare issues surrounding the commercial harvesting 
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