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ARTICLE INFO ABSTRACT

Keywords: Standard Operating Procedures (SOPs) are tools used to ensure management best practice during emergency
Welfare incidents including wildlife interventions, such as cetacean strandings. The compromised state of stranded
Dea}:h . cetaceans means humane end-of-life decisions may be considered, and SOPs frequently guide this process. This
Eut \anasia study evaluated SOPs for end-of-life decision-making and technically enacting euthanasia of stranded cetaceans
Marine mammal . . s s o . . . .

Strandings across Australasia. The aim was to highlight similarities and differences in management and explore directions
Management to improve stranded cetacean welfare. SOPs were requested from the eight government authorities across

Australia and New Zealand. All SOPs were evaluated for decision-making criteria, yielding 29 parameters for
the implementation of end-of-life decisions. Euthanasia and palliative care were options for end-of-life, with
palliative care recommended when euthanasia was not feasible or presented human safety risks. Three
euthanasia methods were recommended. Ballistics was recommended in seven SOPs, chemicals in five and
explosives in three SOPs. Variability existed in the exact procedures and equipment recommended in all
three methods. Additionally, only five SOPs provided criteria for verifying death, while only two recommended
time-to-death be recorded, hindering evaluation of the welfare impacts of end-of-life decisions and euthanasia
procedures. Our findings highlight the need for detailed guidance and consistency in end-of-life decisions and
euthanasia techniques to ensure reliable welfare outcomes. Systematic, standardised data collection at
euthanasia events across regions is required to facilitate assessment of welfare impacts and develop evidence-
based recommendations. International collaboration is key to developing objective criteria necessary to ensure
consistent guidance for end-of-life decisions.

1. Introduction

Since the latter half of the 20th century, attention towards animal
welfare in wildlife management has increased [1]. Government bodies,
such as wildlife and environmental agencies, generally develop and
implement Standard Operating Procedures (SOPs) to guide wildlife in-
terventions in the context of animal welfare, human health and safety,
management of risk and liability, and to optimise the success of the
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intervention procedures. Such SOPs may be employed during in-
terventions such as rescue, rehabilitation and end-of-life management
and include descriptions of procedures relating to the capture, restraint,
and killing of wild species [2,3]. Consequently, SOPs can have consid-
erable influence on animal welfare, and it is therefore crucial that they
are underpinned by quantifiable scientific data.

Fundamentally, SOPs are tools to ensure consistent results in policy
and management by providing detailed instructions to an operator on
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how to carry out a specific activity or procedure [4]. The use of SOPs
aims to minimise errors and ensure that skills and knowledge are
transferrable within a team, which is particularly important where
personnel turnover may be high. To ensure that SOPs are followed
correctly, they should be written in a clear, objective, and detailed
manner to assure uniformity in procedures. This is particularly crucial in
wildlife management where inconsistencies or malpractice can create
serious risks to human health and safety as well as animal welfare [5-7].

Cetacean strandings have been documented for centuries in most
coastal nations [8]. However, in many regions human responses to these
events have changed significantly over time, from historical harvesting
of animals as a resource to today’s desire to rescue and, in some cases,
rehabilitate stranded individuals [9-12]. This evolving societal desire
has made it necessary for the responsible authorities (i.e., management
agencies legislatively responsible for marine mammals) to lead response
efforts, mainly to ensure public safety. Managing such obligations is
particularly challenging where the risks to human safety or animal
welfare are exacerbated by the scale of the event, such as in live mass
strandings, and when there is a legal and moral obligation to work in
partnership across cultures [13].

Australasia (Australia and New Zealand) has an international
reputation for its high incidence of live mass stranding events of
long-finned pilot whales (Globicephala melas edwardii), which commonly
occur on the coastlines of New Zealand and Australia [14-17].
Management of these stranding events can be logistically complex,
with extensive public engagement and multiple stakeholders. In many
cases, management of such large-scale events is undertaken via a Co-
ordinated Incident Management System (CIMS) structure, with the
responsible government agencies often implementing SOPs to guide
decision-making and provide consistent field responses.

Management options for strandings include providing first aid to
stranded cetaceans, refloating animals that are likely to survive, and
deciding whether, and when, to euthanise or provide palliative care to
animals that are debilitated or have low likelihood of survival, i.e.,
end-of-life decision-making. Criteria for end-of-life decision-making
may include animal-related factors, such as the health and injury status
of the animal, the predicted likelihood of survival if refloated, and
resource/logistics-related factors such as manpower, human safety, and
equipment availability [5]. Therefore, the SOPs implemented during
strandings response must consider a range of issues including, but not
limited to, animal welfare requirements.

When the decision to end the life of an animal is made, guidance on
euthanasia and palliative care procedures is usually included in SOPs.
However at a global scale, methods for the euthanasia of stranded
cetaceans remain variable, with a lack of knowledge on welfare
outcomes [18]. In addition, scientific data to support recommended
euthanasia procedures in SOPs, in terms of welfare impacts and efficacy,
are limited [19]. In particular, data are needed on the intensity and
duration of any welfare impacts occurring before irreversible loss of
consciousness [20] as well as on verification of death. This lack of data
regarding the welfare implications of euthanasia may be further
complicated by the varying availability and cost of equipment as well as
differences in regulations between countries [5,19]. This is particularly
notable in some areas where there is no centralised advice and/or
regulations, which can lead to significant variability in management
approaches [5]. This brings into question, at what point is euthanasia
chosen over palliative care, and how and why are particular euthanasia
methods recommended in cetacean stranding SOPs?

Although many SOPs used in wildlife management include aspects of
animal welfare, their development is rarely guided by those with
expertise in animal welfare science or with oversight from institutional
welfare or ethics committees [21]. Instead, SOPs are assumed to
represent ‘best practice’ for providing a humane outcome based on their
adherence to guidelines about the equipment and materials required,
and the process of operation [22]. While these input resources
(e.g., equipment, resourcing and human safety analysis) do influence

Marine Policy 138 (2022) 104949

animal welfare outcomes, they alone cannot be used to evaluate animal
welfare impacts. Thus, whether the recommended procedures in SOPs
result in the best animal welfare outcomes (i.e. as humane as possible) is
not always clear and there is value in assessing animal-based outputs
(e.g., behaviour, physiological responses) to minimise uncertainty as to
the humaneness of recommended/mandated procedures [23].

This study reviewed current management practices for end-of-life
decision-making and the euthanasia of stranded cetaceans in the
region of Australasia. In undertaking this analysis, we aimed to highlight
knowledge gaps and provide recommendations to ensure that proced-
ures can be consistently followed to minimise animal welfare impacts.
This was achieved by analysing current SOPs for cetacean stranding
events across Australasia. SOPs from all geographical areas that respond
to live cetacean stranding events were reviewed to assess (1) if and when
end-of-life decisions should be undertaken, (2) methods of euthanasia
and palliative care recommended, including any equipment and
procedure details provided, and (3) verification of death.

2. Material and methods

Government authorities involved in the development and
implementation of SOPs relating to live cetacean strandings within the
region of Australasia (Australia and New Zealand) were identified and
contacted to request all relevant SOPs. This included one government
department SOP from each of the seven territories or states with
coastline in Australia and one government department SOP in New
Zealand. We used the guidelines and recommendations in the American
Veterinary Medical Association (AVMA) Guidelines for the Euthanasia
of Animals [20] and Barco et al. [19] to inform the key elements that
should be included in SOPs for cetacean strandings where end-of-life
decision-making is required. These key elements were the (1) criteria
used to make end-of-life decisions and evaluating whether an animal is a
suitable candidate for euthanasia or palliative care, (2) methods that
should be implemented, including detailed information on procedures
and equipment required to successfully undertake euthanasia and (3)
process for verifying death, including the combination of criteria for
verification post-mortem. We thoroughly reviewed each SOP to extract
information on each of these key elements to facilitate comparison
across countries and regionally to highlight any deficiencies in SOP
guidelines.

Cetacean stranding events vary in their causation, which may
include underlying health issues [9], social cohesion [16,24],
out-of-habitat and abnormal distribution [25], and human impacts [26].
However, during the stranding event itself, both natural physiological
stressors [27] and anthropogenic stressors due to stranding response
[28] can occur. These stressors will impact upon the welfare of the
animal and affect its survival probability. Based on the understanding of
animal-based factors related to strandings and the guidelines for human
stranding response [28], we assessed the criteria for end-of-life
decision-making identified in the SOPs and collated these into
categories. There were four animal-based categories: (1) medical (health
e.g., illness, injury), (2) social (e.g., mass stranding, social dependence),
(3) behavioural (e.g., swimming ability, re-stranding attempts) and (4)
species (e.g., normal distribution, coastal vs oceanic); and one additional
category related to human stranding response, which depended on
logistical factors (e.g., personnel/equipment availability, weather). Data
were subsequently compiled into a matrix to examine the total number
of criteria in each category from the eight SOPs and to examine
differences among SOPs. Each SOP was further examined to assess
whether recommendations of euthanasia or palliative care were
provided based on particular categories of end-of-life criteria.

The euthanasia methods provided in the SOPs were categorised
based on Barco et al. [19] into chemical and physical methods. The
specific procedures and equipment to be used to implement the method
were also noted. For chemical methods, this included the types and
quantities of chemical agents, administration routes and needle



Table 1
Criteria from seven unique Standard Operating Procedures (SOPs) used to evaluate if and when an end-of-life decision should be made for a stranded cetacean, compiled into four animal-related categories (behavioural,
medical, social, species) and one resource-related (logistical) category. Total number of SOPs that included each criterion as indicated by “v” .

Animal or Resource Category Criteria NZ WA SA VIC NSw TAS NT # SOPs
Animal Behavioural Inability to swim v v 2
Animal Behavioural Persistently re-stranding v 1
Animal Medical Disabling injuries (dislocated/broken tailstock), deep penetrating injures (thorax, abdomen) v v v v v v 6
Animal Medical Absence of reflexes from anus, genital opening, blowhole, tongue, eyes v v v v v 5
Animal Medical Haemorrhaging from mouth, blowhole, genital opening or anus v v v v v 5
Animal Medical Excessive sloughing or blistering of skin over large portion of body v v v v 4
Animal Medical Poor body condition, obviously thin, emaciated v v v 3
Animal Medical Sustained muscle tremors, spasms, lateral or ventral flexion v v v 3
Animal Medical Protracted rapid breathing (> 10/min indicates severe stress, physiological abnormality) v v 2
Animal Medical Significant mucus discharge v v 2
Animal Medical Rectal temperature 42 °C or above v v 2
Animal Medical Loss of jaw tone v v 2
Animal Medical Prolapsed or protruding penis v v 2
Animal Medical Poor health v v 2
Animal Medical Fitness compromised by the stranding v 1
Animal Medical Rectal temperature 40 °C or above v 1
Animal Medical Rectal temperature less than 35 °C v 1
Animal Social Maternal dependence v v v v v v v 7
Animal Social Leader of group that precipitated mass stranding and is unfit v v 2
Animal Social Members of mass stranding that compromise survival of pod (injured, deteriorating) v v 2
Animal Social Social dependence v 1
Animal Species Coastal species v v 2
Animal Species Outside normal range for species v 1
Resource Logistical Resources are not available: equipment, people, cost v v v v 4
Resource Logistical Size too large for refloatation v v v 3
Resource Logistical Location is remote limiting access for rescue v v 2
Resource Logistical Weather/sea conditions are dangerous v v 2
Resource Logistical Time since stranding v 1
Resource Logistical Danger to other animals or humans v 1
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specifications. For physical methods, this included size of the animal,
anatomical landmarks used and energy requirements for penetration of
the skull based on equipment type and dimensions. The collated data
from each SOP were categorised into method, procedure and equipment
and placed into a matrix which was used to examine differences in
methods and level of information provided for undertaking euthanasia
among SOPs.

Each SOP was examined to understand when palliative care may be
undertaken and what procedures were recommended for palliative care
of stranded cetaceans. The recommended procedures were compared
among SOPs to examine for differences, and to assess how these
procedures equated to those in the literature [29]. Palliative care
procedures found in the literature include ensuring breathing is
unimpeded, protecting from scavengers, making appropriate postural
changes, providing shade, assisting in temperature regulation and
minimising handling and disturbance [29].

The inclusion and completeness of criteria to verify death and
calculate time-to-death following application of palliative care or the
euthanasia method in the SOPs were assessed. Any criteria included
were compared against those of Barco et al. [19]: absence of heartbeat,
lack of jaw tone, absence of reflexes, fixed/dilated pupils, absence of
respiration, lack of response to painful stimuli, no capillary refill time
and ocular/skin temperature differential. We collated criteria to verify
death provided in each SOP and categorised these based on the
recommendations, including a category of ‘other’ for criteria provided in
SOPs but not included by Barco et al. All criteria were compiled into a
matrix, to examine the total number of verification criteria, whether
there were differences in criteria applied to assess death among SOPs,
and to examine how many criteria in combination are required to verify
death in each SOP. The inclusion of recommendations to assess the
time-to-death — based on the time from application of palliative care or
the euthanasia method until death was verified — was also analysed to
examine for differences in potential welfare implications among SOPs.

3. Results

Eight SOPs pertaining to live marine mammal stranding events that
included end-of-life decisions for stranded cetaceans were obtained from
government agencies across Australasia. These included one national
SOP from Department of Conservation, New Zealand (NZ), one territory

Table 2
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and six state government SOPs from Australia, including Department of
Land Resource Management Northern Territory (NT), Department of
Environment and Science Queensland (QLD), Department of Planning,
Industry and Environment New South Wales (NSW), Department of
Environment, Land, Water and Planning Victoria (VIC), Department of
Environment, Water and Natural Resources South Australia (SA),
Department of Parks and Wildlife Western Australia (WA) and Depart-
ment of Primary Industries, Parks, Water and Environment Tasmania
(TAS).

3.1. Criteria for end-of-life decision-making

A total of 29 criteria in five categories were provided for end-of-life
decision-making within the eight SOPs. The medical category contained
the most criteria (n = 15), followed by logistical (n = 6) and social
(n = 4) categories, with two criteria in each of the behavioural and
species categories (Table 1). All SOPs contained at least one criterion for
end-of-life decision-making. As QLD’s SOP stated that they follow the
criteria provided by VIC, we present only the VIC criteria below to avoid
duplication (Table 1). Each SOP varied in the categories of criteria
provided (Table 1). The SOP with the most criteria, covering all five
categories, was VIC, whilst NT outlined the fewest criteria, covering only
two categories (social and medical). All SOPs included criteria in the
social and medical categories, whilst criteria in the logistical category
were included in four SOPs (NZ, VIC, NSW, TAS), criteria in the
behavioural category were included in three SOPs (WA, SA, VIC) and
criteria in the species category were only included in NZ and VIC SOPs
(Table 1).

Importantly, in six of the seven unique SOPs, it was recommended
that end-of-life decisions be made if an animal met any one of the
animal-based criteria (Table 1). In the VIC SOP, if any one of eight
animal-based “veterinary” criteria were met, an end-of-life decision
should be made, whilst additional “non-veterinary” criteria were to be
considered as part of the triage process. The eight “veterinary” criteria
were: maternal dependence, disabling injuries, significant haemorrhage
from orifices, rectal temperature above 42 °C, blistering/sloughing of a
significant portion of skin, loss of reflexes, loss of jaw tone and prolapse
of the penis, and emaciated animals. In all SOPs, the logistical criteria
appeared to be important as part of the decision-making process, but
alone were not used to recommend an end-of-life decision.

National (NZ) and Australian state (WA, SA, VIC, NSW, QLD, TAS) cetacean stranding Standard Operating Procedures (SOPs) that include euthanasia with information
provided on the method, procedures and equipment, where “v”” means information is provided, “X” not provided and “NA” not applicable. SA, VIC and QLD followed
the WA SOP for ballistics recommendations, but did not contain some of the detailed information (X).

SOP Key elements NZ WA SA VIC NSW QLD TAS
element
Method Chemical X X v: VIC v v v v
euthanasia soP
Procedure Administration route NA NA v v v v v
Procedure Size of animal NA NA v v v v v
Equipment Chemical type NA NA v v v v v
Equipment Quantities NA NA v v v X v
Equipment Needle gauge NA NA v v X X v
Method Ballistics euthanasia v/ v v: WA v: WA SOP v v: WA SOP v: WA
sop SopP
Procedure No. shots X v v v X X v
recommended
Procedure Anatomical landmark v v v v v v v
Procedure Angle aim v v v v v v v
Procedure Distance X v v v X X v
Procedure Size of animal v v v v v v v
Procedure Diagrams provided v v X X X v v
Equipment Firearm type v v v v v v v
Equipment Firearm calibre v v v v v v v
Equipment Projectile type v v v v v v v
Equipment Projectile grain X v v v X v v
Method Explosives X v: Follows Coughran etal. X v: Follows Coughran etal. X v: Follows Coughran etal. X

[31]

[31] [31]
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In terms of the criteria, all SOPs included maternal dependency,
whilst six of the seven unique SOPs (86%) included disabling injuries,
and five of the seven unique SOPs (71%) included loss of reflexes and
haemorrhaging from orifices (Table 1). Other criteria that were included
in almost half (n = 3) of the unique SOPs were poor body condition,
excessive skin sloughing/blistering over a large portion of the body,
sustained muscle tremors, size too large for refloatation and resource
availability (Table 1). Criteria relating to rectal temperature were
included in three SOPs (VIC, NSW and TAS) but varied in what
temperature level would indicate an end-of-life decision (Table 1).

Review of these SOPs suggested that ‘no response’ may be chosen
when weather conditions and sea state were dangerous and locations
were inaccessible, which could lead to compromised human safety.
Decisions for palliative care may be chosen when euthanasia was not
feasible, and aside from the aforementioned safety considerations, were
recommended based on logistical factors including the size of the animal
and lack of appropriate equipment and skilled responders. The size of
the animal that would necessitate palliative care rather than euthanasia
did vary among SOPs, ranging from animals over 6 m in length in NZ to
animals over 8 m in NSW, or with reference to a specific species in VIC
(sperm whales Physeter macrocephalus). In NZ, one other criterion
was also suggested as not conducive to undertaking euthanasia; this
was where “significant antagonism” between the Department of
Conservation (legislative agency) and local indigenous people (Maori)
and/or the public is likely.

3.2. Methods, procedures and equipment for the implementation of
stranded cetacean euthanasia

Seven of the SOPs provided information on the methods, procedures
and equipment to be used for euthanasia (Table 2). However, the
amount of detailed information on the recommended procedures and
equipment highlighted differences among SOPs (Tables A.1, A.2, A.3).
Although euthanasia was an option in the NT SOP, no information was
provided on the euthanasia process itself, aside from stating that vet-
erinary expertise must be involved.

Both chemical and physical means of euthanasia were evident across
the SOPs, with physical methods including two techniques: ballistics and
explosives (Table 2). While all seven SOPs included a ballistics method,
five of the Australian SOPs stated they follow guidelines outlined by WA,
which are based on ballistics trials [30], and are herein referred to as the

Blowhole

_R M Boys, 2020
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WA SOP. Similarly, for the five SOPs that included chemical euthanasia,
one (VIC) was followed in another state (SA) and is herein referred to as
VIC. Three SOPs (WA, VIC, QLD) included the physical method of
explosives, all of which followed the guidelines outlined in a
peer-reviewed study [31]. Overall, this provided three unique SOPs for
ballistics, four for chemical and one for explosives euthanasia.

Aside from availability of equipment and trained personnel, the
guidelines for selecting which euthanasia method to employ were also
based on animal size. For animals up to 8-m in length chemical methods
were recommended, ballistics were suggested for animals up to 9-m.
Explosives were suggested as an option for animals that were between
6-m and 13-m in length.

3.2.1. Chemical

Five SOPs included the use of chemical euthanasia. Since two
followed the same guidance (SA, VIC), we examined the four divergent
SOPs (VIC, NSW, QLD, TAS) for differences. All the SOPs using chemical
euthanasia provided information on the euthanising agent to be
administered (Table Al). Two different euthanising agents were
recommended, pentobarbital and potassium chloride. All five SOPs
provided detailed information on the administration route, with three
different administration routes identified (intravenous, intracardiac and
via the blowhole). However, only VIC and TAS provided information on
the needle gauge requirement. Three of the SOPs (VIC, NSW, TAS)
further detailed dosages for each of the euthanising agents and
additionally stated the use of sedatives prior to the euthanising agent. A
total of seven different sedatives were suggested with midazolam and
acepromazine being the most frequently recommended (Table A1). All
three of these SOPs additionally provided information on the sedative
dosages and the two administration routes (intravenous and intramus-
cular), although only VIC and TAS provided information on the needle
gauge requirements. Importantly, sedatives were always required prior
to administration of potassium chloride as an euthanising agent,
however, only VIC stated the time at which the euthanising agent should
be given following sedation.

3.2.2. Ballistics

All seven SOPs included the use of ballistics methods. Since five SOPs
followed the same guidance (WA, SA, VIC, QLD, TAS), we examined the
three divergent SOPs (WA, NSW, NZ) to highlight differences. All SOPs
included the use of rifles for euthanasia via ballistics, with one (NSW)

N

Posterior margin
of eye

Origin of
pectoral fin

Halfway

Fig. 1. Recommended landmarks for euthanasia via ballistics for stranded cetaceans, either aiming dorso-ventrally (left), each white dot depicts approximate target
point (closest to rostrum: “through the blowhole”, middle dot: “slightly posterior to the blowhole”, furthest from rostrum: “handspan behind the blowhole™), or when

aiming laterally (right) [32].
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Table 3
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Criteria to verify death of cetaceans following application of the euthanasia method that are provided in five cetacean stranding Standard Operating Procedures (NZ,

WA, SA, VIC, TAS), where “v/”” means the criteria is recommended to be used.

Category from Barco et al. [19] Criteria NZ WA SA VIC TAS
Reflexes Absence of palpebral and corneal reflexes v v v v v
Pupil fixed/dilated Dilation of pupils v v v v
Other Unprovoked agonal convulsions v v v v
Lack of jaw tone Slack lower jaw v v v v
Absence heartbeat Absence of heartbeat v v v
Absence of respiration Absence of breathing v

Pain reflexes Absence of deep pain reflexes v

also including the use of a shotgun. Additionally, a total of 11 different
firearm calibres were suggested for use across all the SOPs (Table A2). In
NSW and NZ SOPs, multiple calibre firearms were suggested depending
upon the body length of the animal. The WA SOP (employed in five
states) was the only one to provide information on projectile shape that
was required (blunt) and further stated that projectiles should be
hydrostatically stabilised and solid. This SOP also required the largest
projectile mass of 180 grain. The NSW SOP also stated that only solid
projectiles should be used for rifles but did not provide required
projectile grain. For the use of shotguns, this SOP stated a 28 gm slug or
9-lead pellet buckshot should be used. The NZ SOP was the only one that
recommended the use of soft or standard sporting round projectiles
instead of solid projectiles but did not provide information on the
projectile grain required.

All the SOPs stated that the brain was the target, but three varied in
landmarks for this target. Specifically, two SOPs (NSW and QLD) stated
that the angle of aim should be “through the blowhole”, the WA SOP
stated it should be “slightly posterior to the blowhole” and the NZ SOP
suggested aim should be a “handspan behind the blowhole” (Fig. 1).
However, all SOPs also stated that a lateral shot undertaken a third to
mid-way between the eye and pectoral fin could also be used (Fig. 1).
Only the WA SOP provided detail on the number of shots required, this
was always three. WA was also the only SOP to provide detail on the
distance from the cetacean at which the firearm should be discharged
(0.5-1 m).

3.2.3. Explosives

The three SOPs that included the use of explosives (WA, VIC, QLD)
all provided the peer-reviewed manuscript [31] in the SOP to enable the
procedure to be followed. The method involves employing peri-cranial
implosion to destroy the brain of large cetaceans (9-13-m), by
constructing a triangular pyramid of explosives that is placed directly
above the cranium. The study includes information on the type and
amount of explosive required, as well as details on the placement and
design of explosive charge (Table A.3). Importantly, the SOPs all note
that this method can only be carried out by a licensed shot-firer
(explosive detonation expert).

3.3. Procedures for palliative care

All SOPs, except one (WA), provided information on the recom-
mended procedures to be used for palliative care. In all seven SOPs,
these recommended procedures included first aid techniques. These
procedures were similar to those suggested in the literature [29] and
included maintaining the animal upright in sternal/ventral
recumbency, cooling the animal by decanting water over the body,
provision of shade and/or protection from sun by covering with wet
sheets to prevent blistering, and minimising noise. Additionally, the VIC
SOP also stated that “judicious use of sedative drugs” may be allowed to
reduce animal suffering during the palliative process, with sedatives
recommended following those for the euthanasia process (Table Al).
The WA SOP was the only one to not provide recommendations for the
use of palliative care, although palliative care is mentioned as an option
to be considered when evaluating the logistics of the stranding situation.

3.4. Criteria for verifying death

The verification of death was recommended in five SOPs (NZ, WA,
SA, VIC, TAS) following the application of euthanasia, with only the VIC
SOP also stating that death should be confirmed following palliative
care. Additionally, in only two SOPs (WA, NZ) was the time-to-death
required to be recorded, although a recording form provided as an
appendix in one other SOP (TAS) also contained a section to record
time-to-death.

These same five SOPs provided criteria for death and instructed
that verification of death be conducted following application of the
euthanasia method. A total of seven criteria for verifying death were
stated within these SOPs, with all SOPs using a combination of at least
three criteria to verify death (Table 3). All five SOPs used absence of
palpebral and corneal reflexes, and four of the SOPs (NZ, WA, VIC, TAS)
used a further three of the same death criteria: fixed dilated pupils,
agonal convulsions and slack lower jaw (Table 3). Only three of the SOPs
(NZ, SA, TAS) recommended the absence of a heartbeat as a criterion
and only one SOP (SA) suggested absence of breathing and deep pain
reflexes as criteria. Six of these criteria for death were included in the
recommendations by Barco et al. [19], whilst one criterion (unprovoked
agonal convulsions) stated for use in four SOPs was not included in the
Barco et al. [19] recommendations.

4. Discussion

Our study reveals several notable differences among SOPs
being employed across Australasia for stranded cetacean end-of-life
decision-making. The criteria applied for deciding upon end-of-life
management for stranded cetaceans were variable among SOPs.
Furthermore, there was a lack of detailed information on how to assess
or quantify some criteria. When euthanasia was the chosen management
option, the broad methods available were similar among SOPs, although
varied in the detail provided. Specifically, details on recommended
procedures and/or equipment were highly variable and, in some cases,
lacking. These findings highlight the need to improve the level of
detailed, specific guidance provided within SOPs.

Of particular concern was that only five of the eight SOPs required
verification of death and provided criteria to assess death. Only one of
these SOPs recommended death be verified following the application of
palliative care measures, whilst all five recommended verifying death
following application of euthanasia. This is particularly concerning
since, without verifying death, there is the possibility that the animal is
left alive albeit severely debilitated and injured, significantly impacting
welfare. Data on the verification of death and assessment of time-to-
death should be routinely and systematically collected to enable an
evaluation of any welfare impacts associated with each procedure.

4.1. Criteria for end-of-life decision-making

All SOPs provided some criteria to assess whether an end-of-life
decision is required for a stranded animal. Most of the criteria were
animal based, with approximately 76% relating to the animal’s welfare
state (behavioural, medical, social) and/or being predictive of
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Case Study: Management of the stranded killer whale calf “Toa” in New Zealand [34]

“Toa” a 2.15m killer whale (Orcinus orca) estimated to be less than 4 months old [34], with
remnant foetal folds, yellow eye patch and no fully erupted teeth [34], stranded on the afternoon
of 11" July 2021 in Plimmerton, Wellington, New Zealand (NZ). The animal was cared for by
various national organisations as well as public volunteers over a period of 12 days and eventually
died on 23" July, while end-of-life-decision-making was still underway. Several features of the
decision-making process for Toa appeared to contradict with the recommendations of the NZ
Standard Operating Procedure (SOP).

Searches from land and sea conducted during the days following the stranding failed to locate
Toa’s pod [34]. From the outset of the stranding and throughout the period of human care,
unequivocal national and international advice from experts, including veterinarians, welfare
specialists and cetacean biologists, was to euthanise Toa on the grounds of maternal dependency
[34]. This concurs with the recommendations in all Australasian SOPs, as well as in wider
international guidelines such as National Oceanic and Atmospheric Administration’s Standards for
Release [33]. However, the extensive public engagement resulted in Toa remaining under human
care, despite the maternal dependency criterion in the NZ SOP. Deviation from the national SOP in
this instance likely occurred due to the potential for “significant antagonism” with the public, a
rationale detailed in the NZ SOP for not undertaking euthanasia (see Discussion section 4.1 for
further details).

In addition, the only method of euthanasia recommended in the NZ SOP is ballistics, due to the
lack of veterinary personnel within NZ specifically trained to administer chemical euthanasia to
marine mammals and concerns about eco-toxicity associated with chemical methods. However,
when euthanasia options were considered for Toa from 14" July, chemical methods were
proposed because of concerns about public perceptions of ballistics euthanasia. Had this course of
action eventuated, it would have further contravened the NZ SOP.

Of the Australasian SOPs, only NZ and Western Australia (WA) do not contain recommendations
for chemical euthanasia. Despite this, the method was contemplated in this case due to
consideration of public perception and the strong media attention. Future attention should be
given to how training of personnel to apply chemical methods might be addressed, to facilitate
euthanasia when it appears warranted according to the SOP’s current decision-making criteria.
The reluctance to promptly euthanise a maternally dependent killer whale and the proposal to

into account public perceptions.

use a euthanasia method not recommended in the SOP, highlight how public perceptions and
good intentions may, at times, lead to decision-making that is not in the interests of animal
welfare. This case highlights the need to review the NZ SOP for stranded cetacean end-of-life
decision-making and, specifically, to explore how animal welfare can be prioritised while taking

Fig. 2. Case study illustrating end-of-life decisions and consideration of euthanasia methods during a maternally dependent killer whale (Orcinus orca) stranding in
New Zealand (NZ), with reference to the current NZ Standard Operating Procedure [version 2013; [35]].

survivorship for the individual (behaviour, medical, species, social:
maternal and social dependence). Notably, only approximately 20% of
the criteria reflected human safety and logistical considerations. Based
on the SOPs this only appeared to influence end-of-life management by
leading to provision of palliative care rather than euthanasia.

Notably, only one criterion was recommended for use in all SOPs,
this being maternal dependency in the social category. This suggests that
dependent calves without a presumed mother would always be
euthanised, as has been recommended previously [5,33]. Despite this
being a unanimous criterion across all Australasian SOPs, there are ex-
amples of this not being followed (See Fig. 2 Case Study [34]). The next
most recommended criteria were all in the medical category; disabling
injuries was recommended in six SOPs, followed by haemorrhaging from
orifices and the absence of reflexes, recommended in five of the SOPs.
Criteria recommended in four of the SOPs included excessive slough-
ing/blistering of skin (medical) and resource availability (logistical).

Thus, it seems that most end-of-life decisions are related to the animal
itself and largely to its physical health status.

Although no explicit information was provided in the SOPs about the
relative weighting of each of the criteria, it is likely that these most
recommended criteria have the highest impact on decision-making.
Importantly, in all but the VIC SOP, an end-of-life decision was indi-
cated if any one of the animal-based criteria were met. In the VIC SOP,
there were eight specific “veterinary” animal-based criteria (out of 18),
the observation of any of which indicated an end-of-life decision. These
eight criteria included maternal dependence in the social category, and
seven others in the medical category.

Logistical criteria were mentioned in all SOPs to guide decisions
about whether any intervention could occur at all. All SOPs used
logistical criteria to make decisions of palliative care versus euthanasia,
with palliative care suggested in situations considered dangerous for
personnel or where euthanasia was not feasible due to accessibility or
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the large size of the animal. In seven SOPs, recommended procedures for
palliative care were provided and these followed those suggested for
first aid in the literature [28,29]. These procedures are recommended to
minimise animal welfare impacts by reducing the risk of pain or
discomfort due to injuries such as dislocations of pectoral joints,
blistering of skin and fluid loss when blisters rupture, and hyperthermia
[28,29].

Notably, in the NZ SOP another reason for not undertaking
euthanasia was presented. Euthanasia was not recommended where
“significant antagonism” between the agency legally charged with
managing stranding events (Department of Conservation) and members
of local indigenous Maori and/or the public may occur. New Zealand
law mandates collaborative decision-making between the Crown and
local Maori in such situations (e.g., Conservation Act 1987 [36]), but
different worldviews about wild animals and animal welfare [37] may
lead to conflict about the most appropriate way to respond. Although it
is clearly important that cultural and public expectations are met in
wildlife management, an ethical dilemma may arise when such expec-
tations appear to override consideration of the animal’s welfare, as
understood from the dominant Western ‘animal welfare science’
perspective which emphasises the acute mental experiences of the
animal itself [38]. Such concerns have been highlighted previously in
relation to delays in euthanasia of stranded cetaceans due to societal
desires to rescue debilitated individuals [[34,39]; see Fig. 2 Case Study].
To ensure that animal welfare is a high priority at stranding events, it is
critical for decision-makers to have clear, objective, scientifically based
criteria to inform end-of-life decisions and that these are transparently
communicated with all stakeholders. Ideally such criteria should be
publicly socialised prior to stranding incidents so that when high profile
species strand, the public are aware that individual animal welfare
concerns should be the focus of management options [5,40,41].

Most of the end-of-life criteria recommended in these SOPs were
similar to those suggested in the published scientific literature, such as
disabling locomotor injuries, wounds with full penetration into the
thoracic and abdominal cavity, blistering to a large percentage of body
surface area and significant haemorrhaging from anus, genital, blowhole
and mouth [5,28,29,42]. However, some criteria were poorly described
and for others variable thresholds for decision-making were suggested.
The ambiguity of such criteria makes it not only difficult to be confident
in decisions but also to evaluate the potential animal welfare
implications of such decisions [43].

To illustrate, rectal temperature was recommended as a criterion in
three SOPs, but the temperature value at which an end-of-life decision
should be considered varied among SOPs. The critical value was given as
‘above 42 °C’ in two SOPs and ‘below 35 °C or above 40 °C’ in another
SOP. Current recommendations in the literature are that prolonged
hypo- or hyperthermia where core body temperature is below 35 °C or
above 40 °C should lead to an end-of-life decision for cetaceans [44].
Hyperthermia, indicative of overheating, commonly occurs in stranded
cetaceans due to their compromised thermoregulatory ability out of
water [29] and is worsened by exposure to direct sunlight [28]. This
likely causes increased thermal discomfort to an already compromised
animal and in some cases can lead to acute mortality [45]. Furthermore,
hyperthermia often occurs alongside dehydration, which contributes to
hypovolaemia and electrolyte imbalance [29]. Hypovolaemia may also
be indicative of hypothermia, which is less common in stranded
cetaceans [29], but will also lead to thermal discomfort.

Likewise, ‘excessive skin sloughing/blistering over a large
proportion of the body’ was a criterion used in four SOPs, yet there was
no quantification of what constitutes a large area. A similar lack of
quantification is also evident in the literature [28,44]. When excessive,
these sunlight-induced thermal burns can be equivalent to
second-degree burns, with associated pain and fluid loss when blisters
rupture [29]. Such injuries have the potential to cause dehydration and
hypovolaemic shock [46,47]. Three SOPs also included the criterion of
‘sustained spasms/muscle tremors’, yet no further description of
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spasms/tremors was provided in terms of how these may appear, e.g.,
involving the entire body, and over what time frame they should be
considered as “sustained”. Muscle tremors have been noted in stranded
cetaceans and are generally linked to neurological abnormalities and
worsening prognosis [10,27,44,48]. Accordingly, such tremors likely
reflect a poor welfare state, however it should be additionally noted that
descriptions of these tremors also remain limited within the scientific
literature.

The lack of precise descriptors for end-of-life criteria may reduce
their usefulness for identifying compromised individuals and may mean
that inappropriate management action, such as refloating a severely
debilitated animal, is undertaken. This is particularly pertinent when
personnel charged with decision-making at stranding events are not
veterinarians and/or have limited knowledge of cetacean biology and
behaviour. Furthermore, the high pressure situation of a stranding event
may also mean that managers have difficulties following recommenda-
tions in SOPs [e.g., Fig. 2 Case Study 34]. Therefore, it is of critical
importance that the criteria used to assess the need for end-of-life de-
cisions are well defined, objective and transparently discussed with all
stakeholders to prevent prolonged suffering. The authors of the most
comprehensive recommendations to date [5,19] acknowledge the need
to improve knowledge and understanding of when to euthanise stranded
cetaceans, further highlighting the limited data and expertise around
end-of-life decision-making in this context.

4.2. Methods, procedures and equipment for the implementation of
stranded cetacean euthanasia

4.2.1. Chemical euthanasia

Chemical euthanasia can be rapid and effective if executed correctly,
however the logistical complexity in stranding situations often makes it
an unviable option without trained veterinarian input [29]. In the five
SOPs that contained guidance on chemical euthanasia, the most
recommended chemical agent was sodium pentobarbital, a barbiturate.
Barbiturates are the most accepted chemical agents for animal
euthanasia [20]; however, as controlled substances they can only be
administered by a licensed veterinarian. For cetaceans, they are also
required in large quantities to provide a lethal effect [19], causing
concerns around eco-toxicity [49-52]. Due to these high
eco-toxicological risks, alternatives have been sought in some regions
[5,53]. These alternatives typically involve the use of sedatives prior to
injection of a large quantity of potassium chloride (KCI) [52]. Two of the
SOPs suggested the use of KCl (NSW, TAS) which is non-toxic in the
environment. These SOPs also provided details on the use of
pre-euthanasia sedatives, including midazolam, acepromazine and
xylazine, which are commonly reported in the literature [18,52,54].
Sedatives may be used to reduce anxiety, however, importantly the use
of KCl for euthanasia is only considered acceptable in an unconscious
animal, since KCl acts as a neuromuscular blocking agent on the heart,
respiratory and skeletal muscles. Without deep sedation, significant
welfare compromise can occur, as an animal may experience
suffocation/breathlessness due to respiratory arrest through diaphragm
paralysis, and/or pain due to the heart muscle arresting and body
muscular spasms before loss of consciousness [20,55,56].

To administer the appropriate dosage of sedative or euthanizing
chemicals, an accurate estimate of animal weight is necessary. In
stranding situations, these can be estimated through length-to-weight
equations [19,57]. However, details on the chemical dosage and
needle gauge required in relation to animal size were provided only in
three SOPs (NSW, TAS, VIC). This could lead to inaccurate dosages being
applied in other jurisdictions, causing extended time to loss of
consciousness and death, and potentially, increased suffering [e.g., [5]].

Intravenous administration is generally accepted as the most reliable
and rapid route to administer euthanasia agents [20]. In stranded ce-
taceans the most accessible vessels are those in the fluke, however,
working around the fluke can be dangerous to personnel as animals may
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move suddenly and with force [28]. Furthermore, debilitated cetaceans
commonly display vasoconstriction, and so superficial peripheral vessels
may not be easily accessible [29]. Nonetheless, this route was recom-
mended in three SOPs (QLD, NSW, VIC). An alternative route which
results in rapid death and provides a safer working environment for
personnel [52] is through intracardiac administration, where the
chemical agent is delivered directly into the heart. This route was rec-
ommended for use in four SOPs (QLD, NSW, TAS, VIC). However,
administering euthanasia agents this way can be particularly chal-
lenging, requiring specialised needles and skilled marine mammal vet-
erinary personnel to accurately access the heart chamber [5,52,58].
Therefore, although recommended most in the SOPs, intracardiac
administration may often not be a viable option at stranding events.

4.2.2. Physical euthanasia

4.2.2.1. Ballistics euthanasia. Seven SOPs included ballistics euthanasia
as an option, but notably five of these followed the WA SOP which is
based on ballistics trials on cetacean cadavers [30]. All seven recom-
mended the use of rifles as the firearm type, with a calibre of .30 being
most recommended. These endorsements are in line with those based on
ballistics trials and the wider peer-reviewed literature [5,28-30,59].
However, lower calibre firearms were also stated for use in two SOPs,
including .260 and .270 in NZ and .223 and .243 in NSW. In fact, based
on data reported by NZ to the International Whaling Commission (IWC),
a total of 16 different firearm calibres have been employed in the
country for stranded cetacean euthanasia since 2007 [18]. This is
notable since previous research has highlighted the importance of using
high calibre firearms to cause sufficient pathology for loss of brain
function, through temporary cavitation in inelastic tissues such as the
brain [5,30,60].

The NZ SOP was also the only one recommending the use of soft-nose
projectiles. Soft-nose projectiles begin to deform as they hit tissue. Due
to the thick blubber and extensive muscle on the nuchal, parietal and
occipital regions of the cetacean skull, much of their kinetic energy will
be absorbed [29]. This could lead to lower penetration depth [61,62]
and reduced killing efficiency [20,63]. Therefore, solid, non-deforming
projectiles are typically endorsed for cetacean euthanasia [30,64]. The
reason for NZ’s recommendation of soft-nose projectiles is unknown,
though it may be due to the reduced likelihood of projectiles exiting the
body and ricocheting [20].

Projectile shape was only included in the WA SOP, where blunt-
tipped projectiles are recommended to maximise penetration depth
[29,30]. The projectile shapes recommended for use in NZ remain un-
known, however based on reported data to the IWC, pointed-nose pro-
jectiles are often employed [18]. This differs from recommendations in
the literature which highlight that pointed projectiles may not penetrate
the cetacean skull and can deviate when impacting with the skull due to
the thickness and slope of the cranium [63,65], leading to ineffective
killing. Similarly, projectile grain is also an important factor to ensure an
efficient death. In the Australian SOPs, projectile grains were provided.
Though these varied from 125 to 180 grain, they generally aligned with
the peer reviewed literature which suggests a minimum of 140 grain
should be used [28,59,63]. The NZ SOP did not provide information on
the projectile grain required, although based on reported data similar
(140-180 grain) grain projectiles have been previously employed [18].

If applied appropriately, ballistics can cause instantaneous death as
the brain is targeted directly [66]. All seven SOPs indicated that the
brain was the target for ballistics euthanasia, with slight differences in
the anatomical landmarks used. Both the dorso-ventral [28,30,67] and
lateral approaches [19,59,67] were recommended in all SOPs. For the
dorso-ventral approach, there were slight differences in aim; two SOPs
recommended the aim be slightly posterior to the blowhole, whilst three
recommended the aim be through the blowhole itself. Defined angle aim
for ballistics euthanasia is a crucial detail to include since the melon,
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concave frontal surface and extensive sinuses of the cetacean skull, are
likely to deflect a bullet [68]. Furthermore, due to the variability in skull
morphology among species [69-71], it is important that species-specific
knowledge of anatomy, including diagrams, for the most accurate
approach be provided to correctly target the brain [5,20,30,31,63].
Further work via necropsies should be carried out on a variety of species
to record anatomical differences and provide species-specific recom-
mendations for euthanasia via ballistics [5].

Finally, it is worth noting that wildlife managers who are required to
use firearms in their profession often receive minimal training regarding
the selection of firearms, projectiles and their use to ensure humane
application to wildlife [72]. It is, therefore, critical that SOPs recom-
mending the use of firearms for the humane killing of stranded cetaceans
provide detailed information on the equipment and procedures required
to ensure a humane death, and that regular training is undertaken [5].

4.2.2.2. Explosives. Three Australian SOPs contained recommendations
for the use of explosives for euthanasia via peri-cranial implosion. The
details provided for this technique referred solely to the study by
Coughran et al. [31]. Few studies have mentioned the use of explosives
for euthanasia of stranded cetaceans [31,42], likely due in part to the
potential danger to personnel and social unacceptability [73]. Never-
theless, few alternative techniques are available to reliably euthanise
large cetacean species [5]. In NZ, a specialised firearm specific for sperm
whales (SWED) [35] may be applied, but most areas implement chem-
ical euthanasia [52]. However, in areas where veterinary personnel
and/or appropriate chemical agents are not available, such large ceta-
ceans are left to die naturally, which may take several days [5,54,74].
Therefore, the use of physical methods that do not require veterinary
training or large quantities of specialised chemicals may enable a more
humane death, though licensed personnel will still be required when
implementing explosives. Since the SOPs examined here only provided
the peer-reviewed study for this technique, we have provided an addi-
tional checklist of equipment (Table A3) that was collated — but not
previously published — by Coughran et al. [31], which can simply be
added to current SOPs and may allow for planning of large cetacean
euthanasia via peri-cranial implosion at future stranding events.

4.3. Verifying death

Five of the SOPs provided criteria and explicitly required verification
of death. In all, except the VIC SOP, verifying death was only required
following application of euthanasia and not following palliative care.
Two of the SOPs that did not include criteria for verifying death (NSW
and QLD), did recommend assessing whether a stranded animal was
alive using several criteria in the ‘first response’ section of the SOPs. It is
therefore possible that following euthanasia, these criteria are applied to
verify death. However, without verification of death being explicitly
required, it is not possible to ascertain whether this occurs as part of
strandings management in these jurisdictions.

The only criterion for verifying death included in all five SOPs was
absence of palpebral and corneal reflexes. Other common criteria
included complete dilation of pupils, unprovoked agonal convulsions,
and slack lower jaw [75,76]. Importantly, although absence of breathing
is recommended in one SOP (SA) as a criterion to verify death, this needs
to be carefully applied for cetaceans, since many species — such as
beaked whales — may go into a dive reflex which can result in extended
breath holds [77]. Therefore, absence of breathing alone should not be
taken to indicate mortality [5,75].

Three quarters of the criteria recommended by Barco et al. [19] were
suggested in the five SOPs, whilst one additional criterion (agonal
convulsions) was provided in four of the SOPs. Although not included in
the recommendations by Barco et al. [19], this criterion has been
included in other studies for assessing death in cetaceans [75,76]. Two
criteria recommended in the literature [19,75,76] that were not
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Table 4
Recommended information to include in Standard Operating Procedures to ensure consistent application of euthanasia methods for stranded cetaceans.

Method Recommended information Examples

Chemical
Administration routes v, IM, IC
Anatomical areas for administration with diagrams Peripheral vessels of fluke, dorsal fin, pectoral fin, epaxial musculature
Chemical agents including sedatives
Dosages of each chemical agent and sedative based on animal weight or length
Guidance on combinations of sedatives and chemical agents Use of sedatives prior to KCI
Needle gauge requirements
Species-specific knowledge of any adverse reactions to specific chemical agents
Criteria to verify death
Recording of time-to-death/unconsciousness
Disposal of carcass following chemical euthanasia

Ballistics
Firearm type Rifle
Firearm calibre
Projectile shape Pointed, round, blunt
Projectile nose characteristics Soft, solid
Projectile energy
Projectile weight/grain
Number of shots required
Recommended approach based on species skull morphology Dorso-ventral or lateral
Anatomical landmark with diagrams, including species specific recommendations Blowhole, mid-point between eye and insertion of pectoral fin
Angle of aim
Distance from cetacean at firearm discharge
Criteria to verify death
Recording of time-to-death/unconsciousness

Explosives

Explosive charge type

Explosive quantity

Detonator type

Anatomical landmark with diagrams

Design of explosive

Size of animal

Criteria to verify death

Recording of time-to-death/unconsciousness
Additional equipment

Pyramid charge shape

See Table A3

included in the SOPs were “capillary refill time” and “ocular/skin tem-
perature differential”. It is likely that these were not included in SOPs for
logistical reasons. Capillary refill is typically tested in the gums or
tongue, requiring personnel to place their hands inside the mouth of a
potentially live cetacean, which risks personnel safety [75,76]. In
contrast, assessing ocular temperature requires the use of specialised,
costly infra-red thermography cameras [75,76]. However, the use of a
combination of the other criteria recommended in the SOPs is likely
sufficient to verify death.

Verification of death following euthanasia is critical to ensure that
the technique is efficient and humane, by determining the duration of
any suffering before an animal becomes insensible [20]. Although the
criteria in the SOPs followed those in the literature, there are limited
data to validate how some of the criteria relate to stages of insensibility
and death. Further work using electroencephalography, similar to that
carried out in the farming sector [78,79], should be undertaken to
validate these death criteria along with any behavioural events that may
be displayed. In the absence of valid criteria for recognising loss of
consciousness in cetaceans, time-to-death is a key metric for under-
standing the welfare impacts of management procedures and for
improving techniques [80]. However, only two SOPs (WA, NZ) required
time-to-death be recorded, suggesting that in only these jurisdictions
would continuous monitoring of the animal occur following the imple-
mentation of the euthanasia method.

To the best of our knowledge, data to assess the verification and time-
to-death in euthanised stranded cetaceans are not publicly available for
Australia. However, NZ data on stranded cetacean euthanasia have been
provided to the IWC, and a recent analysis of these data revealed that 4%
(n = 22; 2018-2019) of animals have been recorded as ‘presumed
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instantly killed’ [18]. These data suggest that in some cases verification
of death may not occur, despite the mandate to do so in the SOP. As
noted above, failing to routinely verify death and report such data
precludes improvements to euthanasia procedures.

5. Recommendations

Whilst acknowledging the differing political, cultural and
geographical considerations, our study highlights the need for a
consistent, unified approach to end-of-life decision-making and eutha-
nasia procedures to improve the animal welfare outcomes. However, to
achieve such goals, all the elements of these SOPs must be consistently
followed, which as demonstrated, may not always occur. Here, we
provide some recommendations for further thought.

First, end-of-life decision-making should be informed using criteria
that are objective, science-based, well-defined and transparent. These
criteria should include outcome/animal-based indicators of welfare
state that are appropriate for the species encountered and implement-
able across regions. Given the current lack of empirical data, we
recommend an international expert workshop as a first step to estab-
lishing such criteria and developing protocols to enable standardised
data collection [5,53].

Systematically collecting data on behavioural and physiological an-
imal responses both during and following euthanasia procedures, would
provide animal-based evidence to improve our understanding of the
relative welfare impacts of procedures. Importantly, this should include
routine data collection for verification of death, including the time taken
from the start of the euthanasia procedure until loss of consciousness or
death can be confirmed. Additionally, various criteria for death should
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be assessed, as highlighted in this study, to ensure that any welfare
impacts can be robustly evaluated.

Currently, application of specific euthanasia methods and proced-
ures may be limited due to the lack of species-specific recommendations.
As an example, while chemical euthanasia was commonly recom-
mended in the Australasian SOPs, there was limited advice on needle
gauges and chemical dosages required for different species, though some
are detailed elsewhere [19,53]. Since robust data on the euthanasia of
stranded cetaceans are limited [18], standardised, routine reporting of
the procedures applied and outcomes of euthanasia events is strongly
recommended [5]. This may be achieved by standardising data collec-
tion forms (e.g., [5,19,53]) across regions and establishing a centralised
online, open-access database to help stranding managers worldwide
evaluate the potential options for different species. Information on both
successes and failures should be collected to improve and prevent errors
[5]. The information gathered should include the following:

e Reason for considering end-of-life options for an individual animal.

e Rationale for selecting euthanasia or palliative care.

e Method, procedure, and equipment employed for euthanasia.

e Rationale for choosing the method employed.

e Criteria assessed to verify death.

e Time from application of euthanasia method until death is
confirmed.

e Behavioural reactions during or post euthanasia.

An additional challenge to effective euthanasia is the requirement to
have specialised equipment and training [5]. To illustrate, the most
recommended method for administering chemical euthanasia in the
Australasian SOPs was intracardiac injection, which requires substantial
skill and training. Likewise, for ballistics euthanasia, there is a need for
training to select the most appropriate firearm and projectiles and
ensure correct application for the humane death of wildlife [72].
Providing detailed open-access information on the available options and
training would contribute to improving the skill and confidence of local
personnel to undertake the appropriate euthanasia procedure for the
species and situation. However, this would need to be reinforced with
regular practical training of personnel involved in stranding responses to
optimise both animal welfare and human safety. In some cases, addi-
tional research on cadavers is needed to determine the most appropriate
method, equipment and application for a wider range of species [5,18].

While it is acknowledged that the procedures and equipment
required for euthanasia will vary depending upon the methods
employed, sufficient details should always be included in guidelines
such as SOPs. Table 4 illustrates the level of information that should be
included in SOPs to ensure consistent application of various cetacean
euthanasia procedures.

6. Conclusions

Overall, Standard Operating Procedures (SOPs) across Australasia
contained some pertinent information to undertake end-of-life decisions
and application of euthanasia methods. Nonetheless, clear variability
among SOPs was evident in our study. Specifically, we found differing
criteria being applied for end-of-life decision-making among SOPs and
limited detail to facilitate assessment of these criteria. SOPs should
include standardised, defined criteria to guide assessments of individual
animals when considering end-of-life decisions.

A lack of detail provided in most SOPs regarding the necessary
equipment and appropriate procedures for euthanasia methods was of
concern. The use of inappropriate equipment or incorrectly applied
procedures may lead to severe impairment rather than mortality,
significantly compromising welfare. To achieve reliable outcomes,
detailed information must be provided to ensure that there is no ambi-
guity surrounding the implementation of euthanasia procedures, such as
the most suitable equipment or method.
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Concerningly, only two SOPs required time-to-death be recorded and
only five provided criteria for verifying death of cetaceans following
euthanasia or palliative care. Assessment of such parameters is critical to
ensure that the duration of any welfare compromise is minimised.
Therefore, verifying death following application of euthanasia methods
or palliative care should be mandatory and criteria for verifying death
and calculating time-to-death should be included in all SOPs.

The NZ case study presented illustrates how public perceptions and
good intentions can lead to decision-making that is not necessarily in the
best interests of animal welfare. International collaboration is needed to
develop SOPs that guide best practice global stranding response.
Detailed, evidence-based criteria to guide end-of-life decisions should be
provided. SOPs that recommend appropriate euthanasia methods, detail
the necessary equipment and procedures, and encourage standardised
data collection will be associated with better animal welfare outcomes.
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Appendix

Table A.1. Information provided in SOPs for employing chemical euthanasia on stranded cetaceans in Victoria (VIC), Southern Australia (SA), Tasmania (TAS),

Queensland (QDL) and New South Wales (NSW).

SOP Cetacean

size

Example animals

Sedation
agent

Sedation
dose

Sedation
route

Needle
gauge

Euthanasia
agent

Euthanasia
dose

Euthanasia
route

Needle
gauge

Additional

information

VIC <2m

Used
in: SA

Juvenile pygmy

sperm whale:

length 2 metres, est.

200-250kg

Common dolphin:

length 2 metres, est.

110kg

Midazolam

0.02-
0.1mg/kg

v

NA

Pentobarbitone

sodium

325mg/ml at

25ml/metre

v

NA

20 minutes
after

sedative

VIC <2m

Used
in: SA

Juvenile pygmy
sperm whale:

length 2 metres, est.

200-250kg
Common dolphin:

length 2 metres, est.

110kg

Acepromazine

1mg/kg,
ca.
35mg/me

tre

M

1.5 inch
(14-18g)

Pentobarbitone

sodium

325mg/ml at

25ml/metre

v

NA

45 minutes
after

sedative

VIC 2-4m

Used
in: SA

Pygmy sperm
whale: maximum
length 3.66m,
maximum body
mass 480kg
(female), 374kg
(male)

Bottlenose dolphin:

length 3 metres, est.

650kg

Acepromazine

1mg/kg,
ca.
35mg/me
tre

M

2-3.5 inch
(14-18g)

Pentobarbitone

sodium

325mg/ml at
25ml/metre

IV, IC

IC: 6-12
inch

45 minutes
after

sedative




VIC 2-4m Pygmy sperm Medetomidine | 0.04- M 2-3.5inch | Pentobarbitone | 325mg/mlat | IV, IC IC: 6-12 | 45 minutes
whale: maximum 0.08mg/k (14-18g) sodium 25ml/metre inch after
Used length 3.66m, g sedative
in: SA maximum body
mass 480kg
(female), 374kg
(male)
Bottlenose dolphin:
length 3 metres, est.
650kg
VIC 4-7m False killer whale: Acepromazine | 1mg/kg, | IM 3.5inch Pentobarbitone | 325mg/mlat | IV, IC IC:>12 | 45 minutes
length 5-6m, est. ca. (14-18g) sodium 25ml/metre inch after
Used 1,000-1,400kg 35mg/me sedative
in: SA Long-finned pilot tre
whale: length 4.5-
6m, est. 1,200-
1,800kg
VIC 4-7m False killer whale: Medetomidine | 0.04- M 3.5inch Pentobarbitone 325mg/mlat | IV, IC IC:>12 | 45 minutes
length 5-6m, est. 0.08mg/k (14-18g) sodium 25ml/metre inch after
Used 1,000-1,400kg g sedative
in: SA Long-finned pilot
whale: length 4.5-
6m, est. 1,200-
1,800kg
VIC >7m Killer whale female | Acepromazine | 1mg/kg, | IM 10 inch Pentobarbitone | 325mg/mlat | IC, IC:>12 | 45 minutes
length 7-8m, est. ca. (14-16g) sodium 25ml/metre blowhole inch, after
Used 4,000kg 35mg/me blowho | sedative
in: SA Killer whale, male: tre le:
length 8-9.5m, est. 75cm
6,000-8,000kg flexible
cathete

r after




expirati

on
VIC >7m Killer whale female | Medetomidine | 0.04- M 10 inch Pentobarbitone 325mg/mlat | IC, IC:>12 | 45 minutes
length 7-8m, est. 0.08mg/k (14-16g) sodium 25ml/metre blowhole inch, after
Used 4,000kg g blowho | sedative
in: SA Killer whale, male: le:
length 8-9.5m, est. 75cm
6,000-8,000kg flexible
cathete
r after
expirati
on
VIC Large Humpback whale, Midazolam, 0.05mg/k | IM 11 inch Pentobarbitone 10mg/kg
cetacean | Southern right Acepromazine | g, (16-18g) sodium
Used whale , Xylazine 0.15mg/k
in: SA g,
3.5mg/kg
NSW | <8m Benzodiazepin | 15mg/me | IM Potassium 60mg/kg v
e, Midazolam | tre chloride (KCI)
NSW | <8m Diazepam 0.Img/kg | IM Potassium 60mg/kg v
chloride (KCl)
NSW | <8m Acepromazine | 100mg/m | IM Potassium 60mg/kg v
etre chloride (KCI)
NSW | <8m Pentobarbiton | 200- v Potassium 60mg/kg v
e 300ml chloride (KCl)
NSW | <8m Pentobarbitone | 50-100mg/kg | IC, IV

(25-
35ml/metre)
at 325mg/ml




TAS >7m Midazolam 0.05- M 16-18g Potassium 75-200mg/kg | IC 11g, Pentobarbita
0.1mg/kg 300- chloride (KCI) (300mg/ml; 1000m | 1sodium can
500mm 4mmol/ml) m be used
where eco-
toxicity is
not an issue
TAS >7m Acepromazine | 0.2- M 16-18g Potassium 75-200mg/kg | IC 11g, Pentobarbita
Img/kg 300- chloride (KCl) (300mg/ml; 1000m | 1sodium can
500mm 4mmol/ml) m be used
where eco-
toxicity is
not an issue
TAS >7m Xylazine 3-4mg/kg | IM, IV 16-18g Potassium 75-200mg/kg | IC 11g, Pentobarbita
300- chloride (KCl) (300mg/ml; 1000m | 1sodium can
500mm 4mmol/ml) m be used
where eco-
toxicity is
not an issue
TAS >7m Tiletamine/Zol | 1-5mg/kg | IM 16-18g Potassium 75-200mg/kg | IC 11g, Pentobarbita
azepam 300- chloride (KCl) (300mg/ml; 1000m | 1sodium can
500mm 4mmol/ml) m be used
where eco-
toxicity is
not an issue
TAS >7m Medetomidine | 0.01- M 16-18g Potassium 75-200mg/kg | IC 11g, Pentobarbita
0.03mg/k 300- chloride (KCI) (300mg/ml; 1000m | I sodium can
g 500mm 4mmol/ml) m be used
where eco-

toxicity is

not an issue




TAS >7m Ketamine 2.5mg/kg | IM 16-18g Potassium 75-200mg/kg | IC 11g, Pentobarbita
300- chloride (KCl) (300mg/ml; 1000m | 1sodium can
500mm 4mmol/ml) m be used

where eco-
toxicity is
not an issue

QDL | Upto Pilot whale Pentobarbitone v, IC

pilot
whale
size

Table A.2. Information provided in SOPs for employing ballistics euthanasia on stranded cetaceans in Western Australia (WA), Victoria (VIC), Tasmania

(TAS), Queensland (QDL), Southern Australia (SA), New South Wales (NSW) and New Zealand (NZ).

S10) g Cetacean | Firearm Firearm Projectil | Projectile Projectile | No. of Aim Angle of aim Distance
size type calibre e shape characteristics | grain shots from
required cetacean at
discharge
WA <7m Bolt action | .308 Blunt Solid, 180 grain 3 Hindbrain | Slightly posterior to the 0.5-1.0m
rifle Winchester hydrostatically blowhole, angled backwards
Used in: or .300 stabilised at 45° along the animal’s
VIC, TAS, Winchester midline. Midway between
QDL, SA Magnum the eye and the pectoral fin
when the animal is viewed
laterally
NZ <2m High .260, .270, Not Standard Not Not Rear of Hand span behind blowhole | Not provided
power rifle | .303, .308 provided | sporting provided provided | brain or one/third ofway between
round eye and origin pectoral fin




NZ

2-6m

High
power
hunting
rifle

.303, .30-06

Not
provided

Soft nose

Not
provided

Not
provided

Rear of

brain

Hand span behind blowhole
or one/third ofway between
eye and origin pectoral fin

Not provided

NSW

Small
cetacean:

dolphins

Rifle

223, .243

Not
provided

Solid

Not
provided

Not
provided

Brain

Through the blowhole,
angled backwards to an
imaginary mid-point on a
line between the pectoral
flippers. Alternatively, a
lateral aim can be directed
midway between the eye

and the ear aperture

Not provided

NSW

Medium
cetaceans
: pilot

whales

Rifle

.308, .375,
458

Not
provided

Solid

Not
provided

Not
provided

Brain

Through the blowhole,
angled backwards to an
imaginary mid-point on a
line between the pectoral
flippers. Alternatively, a
lateral aim can be directed
midway between the eye

and the ear aperture

Not provided

NSW

<5m

Shotgun

Slug or
buckshot (nine
lead pellets)

28gm

Not
provided

Brain

Through the blowhole,
angled backwards to an
imaginary mid-point on a
line between the pectoral
flippers. Alternatively, a
lateral aim can be directed
midway between the eye

and the ear aperture

Not provided

QDL

<9m

Rifle

7.62x39,
.308 Win

Not
provided

Not provided

125¢gr,
150gr

Not
provided

Brain

Through the blowhole
angled slightly backwards or
a temporal shot

Not provided




Table A.3. Information on euthanasia via explosives following [31] that is recommended in SOPs for Western (WA), Victoria (VIC) and Queensland (QDL)

Australia, and the related equipment required for such peri-cranial implosion techniques [31 and pers. comm. Peter Mawson]

Cetacean | Cetacean No. Size of Additional Shape for Placement of Machinery
size species Explosive sticks sticks boosters detonation explosives required Reference

Humpback Powergel Triangular D9 or D65EX [31]
10.5m whale Magnum 5| 125¢g None pyramid Cranium dorsally bulldozers

Humpback Powergel Triangular D9 or D65EX [31]
9.8m whale Magnum 14 | 125g None pyramid Cranium dorsally bulldozers

Humpback Powergel Triangular D9 or D65EX [31]
12.7m whale Magnum 22 | 125¢g 2x 50g pyramid Cranium dorsally bulldozers

Humpback Powergel Triangular D9 or D65EX [31]
9.5m whale Magnum 15 | 125¢g None pyramid Cranium laterally bulldozers
Equipment List

e 30 x 20kg sand bags for tamping explosive and stabilizing the whale

e  Shovels for filling sand bags

e 50 x medium cable ties for sealing and securing the sand bags to rope (see Figure 5 in [31])

e 4 used car tyres with loops to act as anchors for securing ropes

e  waterproof camera

e wet suits and booties for personnel entering water

e modified dolphin cradle to manoeuvre the whale

e 100m of 10-12mm diameter nylon rope for securing explosives

e  200m of 40mm nylon rope to stabilize whale and to tow it up the beach (after euthanasia)

e  50m of 2-3 mm nylon string.




2 x sharp rope cutting knives (Green River® or Spyderco® serrated edge knife)
D-9 dozer

5/8™inch Chain sling to be shackled to Dozer blade to attach 40mm towing rope.
18 x sticks of 125g Power Gel® (ICI Australia Ltd)

6 x electric detonators

10m of detonating cord.

2 x 75m lengths of 2-core low resistance electrical cable. Check cable continuity and resistance with multi-
meter. Short out cable ends when finished

2 x 12V heavy-duty truck batteries or 2 x exploders

2 x rolls of self-amalgamating electrical tape (for waterproof detonator electrical joins)
4 x rolls of plastic electrical insulation tape (to tape electrical cable to rope)

2 x pairs pliers

1 x wooden or brass skewer for making holes in explosive for detonating cord

.300 Winchester Magnum or .308 Winchester bolt-action, 3x solid, hydrostatically stabilised 180 grain
bullets (updated based on Hampton et al. [30])

Radio contact from blast site with both ends of beach, hinterland and offshore. Ensure radios and mobile
telephones are switched off prior to detonators being removed from shielded metal box and inserted into
explosives.

Guard boat to control offshore traffic

Air horn



	When and how to say goodbye: An analysis of Standard Operating Procedures that guide end-of-life decision-making for strand ...
	1 Introduction
	2 Material and methods
	3 Results
	3.1 Criteria for end-of-life decision-making
	3.2 Methods, procedures and equipment for the implementation of stranded cetacean euthanasia
	3.2.1 Chemical
	3.2.2 Ballistics
	3.2.3 Explosives

	3.3 Procedures for palliative care
	3.4 Criteria for verifying death

	4 Discussion
	4.1 Criteria for end-of-life decision-making
	4.2 Methods, procedures and equipment for the implementation of stranded cetacean euthanasia
	4.2.1 Chemical euthanasia
	4.2.2 Physical euthanasia
	4.2.2.1 Ballistics euthanasia
	4.2.2.2 Explosives


	4.3 Verifying death

	5 Recommendations
	6 Conclusions
	Funding
	CRediT authorship contribution statement
	Declarations of interest
	Acknowledgments
	Appendix A Supporting information
	References


