
9 Capture, physical and 
chemical restraint

Larry Vogelnest

The Australian native mammalian fauna is diverse in 
terms of taxonomy, anatomy, physiology and ecology. As 
a consequence, the methods used for their capture, 
restraint and anaesthesia are equally diverse. Careful 
planning, appropriate facilities, equipment and drugs are 
crucial to achieving objectives and ensuring optimal 
animal welfare and human safety outcomes. Many native 
Australian mammals are capable of inflicting injury 
through bites, scratches, blows or envenomation and with 
larger species, procedures can be physically demanding. 
The risk to the animal is equally significant, with poten-
tial to run into obstacles resulting in wounds, fractures, 
ruptured organs, concussion or death. Excessive restraint 
may result in suffocation, contusions or fractures. Smaller 
species may spin violently when held by the tail, resulting 
in fractures or dislocations. Female marsupials may eject 
PY. Excessive fear and/or exertion may result in capture 
myopathy in macropods. All noxious stimuli must be 
regarded as potentially painful or stressful and appropri-
ate measures must be taken to minimise pain and dis-
tress, including the judicious use of analgesics and 
sedatives or tranquillisers.

Safer and more effective chemical restraint options and 
remote drug delivery systems have reduced the need for 
physical restraint in many cases. This has resulted in better 
welfare outcomes for animals, safety for personnel and 
efficiency in terms of time and achieving objectives and 
diagnostic outcomes. However, many simple procedures 

can still be accomplished quickly and safely using appro-
priate physical restraint methods and equipment.

Decisions on the method of capture, restraint, drugs 
and drug delivery must be based on sound and robust 
principals, experience, knowledge and the published lit-
erature. The use of remote drug delivery systems requires 
a level of skill and with some equipment and in some 
jurisdictions or counties, a licence (Cracknell 2013).

The capture of free-ranging Australian native 
 mammals for the purpose of field research, population 
management or veterinary intervention requires exper-
tise and appropriate equipment. However, some funda-
mental precautionary principles apply in most cases (Box 
9.1) (NHMRC 2014).

Most of the principles of veterinary anaesthesia for 
domestic animals are applicable to Australian native 
mammals. For those inexperienced with wildlife, appli-
cation of first principles will provide a good outcome in 
most cases. If in doubt, experienced wildlife veterinarians 
are always available for advice. The clinical pharmacol-
ogy of chemical restraint drugs, drug delivery systems 
and principals of wildlife chemical restraint are discussed 
in detail in West et al. (2014).

In this chapter the term ‘chemical restraint’ will be 
used to encompass sedation, tranquillisation and anaes-
thesia. Chemical restraint drugs and doses are included 
in Appendix 3. Normal physiological reference ranges are 
included in Appendix 1. This chapter should be read 
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alongside Vogelnest and Woods (2008), which provides 
additional detail for some taxa and a range of useful 
images of capture and handling techniques.

1. PLATYPUS
1.1 Capture and physical restraint
Fyke and mesh (‘gill’) nets are typically used for capture 
of free-ranging platypuses (Ornithorhynchus anatinus). 

Box 9.1. Precautionary principles for the 
capture of free-ranging Australian 
mammals for the purpose of field research, 
population management or veterinary 
intervention

 • Use traps and capture methods approved or 
recommended for the species

 • Avoid trapping in extremes of temperature and 
weather

 • Provide protection from rain, wind, sun and 
predators

 • A wide range of baits can be used and should 
be appropriate for the species

 • Check traps regularly
 • The number of traps set should be limited to 

ensure that all can be checked and cleared in 
an appropriate timeframe

 • Trap and release animals at a time of day or 
night appropriate for the species. Release of 
nocturnal species during the day increases 
vulnerability to predation by diurnal predators

 • Release animals at the point of capture
 • Avoid trapping during periods when species 

may be vulnerable because of breeding, 
presence of young (PY, back young or in 
burrows or nests) or lactation

 • Permanent traps should be locked when not in 
use to avoid tampering and setting by 
unauthorised people

 • Temporary marking allows rapid identification 
and release of animals habituated to traps 
when recaptured to avoid unnecessary 
handling (Fig. 9.1)

 • Seek expert advice from field biologists
 • Minimise biosecurity risk in terms of 

anthropozoonoses, spread of pathogens within 
and between populations and cross-
contamination of samples from different 
animals (Hillman et al. 2016)

Fyke nets have two mesh wings on either side of an 
entrance that opens into a series of cone-shaped, non-
return chambers or funnels (Fig. 9.2a). Nets are set so the 
mesh wings completely block a water channel and direct 
animals into the capture chamber. These nets are best set 
in shallow water with the top of the wings at least 20 cm 
above the water surface. The bottom of the wings is 
securely weighted with rocks to the streambed so that the 
animals cannot swim over or under them and instead are 
directed to the net entrance. The end of the funnel should 
be very securely staked above water level, so that air 
spaces exist in each chamber of the net allowing captured 
animals to breathe. Fyke nets are often set in pairs, with 
one net facing upstream and the other facing downstream 
in close proximity to capture platypuses moving in either 
direction. Ideally, the nets should block the entire chan-
nel. Fyke nets should be checked regularly and must be 
removed immediately from the stream if a rise in water 
level is anticipated (NHMRC 2014). Guidelines on the use 
of fyke nets for capturing platypus have been established 
to ensure the safety and welfare of platypuses and other 
vertebrates (Serena et al. 2015).

Unweighted or lightly-weighted mesh (‘gill’) nets (with 
a mesh of 48–49  mm, flattened knot to knot) are also 
commonly used and are best suited to larger, slow-flow-
ing, deep water pools (Fig. 9.2b). Platypuses are captured 
by becoming entangled in the net. The design and setup 
ensures that animals can surface quickly to breathe, as 
long as the nets do not snag on submerged debris or 
become weighed down by debris or trapped fish. To 

Fig. 9.1. Temporary marking on the ear of a brush-tailed 
rock-wallaby (Petrogale penicillata) using a white-out correction 
pen to facilitate rapid individual identification if recaptured in a 
trap.
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confirm the net is hanging freely and is not snagged, the 
entire length of the net should be lifted up by hand from 
the water at least hourly or more frequently depending on 
the numbers of fish or the amount of debris present at the 
site (NHMRC 2014). This limits the number of nets that 
can be set and checked per trapping session. Nets are best 
set in the late afternoon and must be closely monitored 
from the bank, by briefly using a spotlight and/or night 
vision scope q 10–15 min. When an animal is captured it 
should be disentangled quickly from the net to prevent 
drowning and placed in a cloth bag. The animal should 
then be transferred to a dry cotton or calico bag.

There is some evidence that platypuses may avoid nets 
following capture, compromising abundance estimates 
when using mark–recapture models. Platypuses have 
been observed to travel over or around mesh nets (Grif-
fiths et al. 2013).

Most captive facilities are designed with tunnels and 
sleeping boxes with several chambers. Platypus are read-
ily trapped and confined to chambers using a series of 
slides cutting off escape routes. Platypuses are then read-
ily captured by hand (Booth and Connolly 2008).

Platypuses are surprisingly strong for their size, strug-
gle constantly and their loose skin can make them diffi-
cult to restrain. Apart from the venomous spurs in mature 
males (see Chapter 25), platypuses are harmless as they 
cannot bite or scratch with sufficient force to cause harm. 
Mature males must be considered dangerous and should 
only be captured and handled by experienced people 
(Booth and Connolly 2008).

The most effective method of capture and restraint 
for brief examination or before placing in a bag is to 
grasp the tail firmly midway along its length with fingers 

curled around the dorsal surface and thumb along the 
ventral surface and suspend the animal away from you 
(Booth and Connolly 2008). Although the male spurs are 
on the tarsus, the danger zone is ventrally between the 
hindlimbs and along the abdomen. Never allow a mature 
male to get close to your body or rest on your arm. If you 
are required to untangle a mature male platypus from a 
net in the dark, it is wise to rest the animal on a thick 
towel so that it cannot gain access to any part of your 
body or hands while you untangle it. Once placed in a 
cloth bag, platypuses can be restrained further for very 
minor procedures or for anaesthetic induction (Booth 
and Connolly 2008).

1.2 Chemical restraint
Chemical restraint is required for most clinical proce-
dures, facilitating examination, sample collection, diag-
nostic procedures and measurements with minimal stress 
for the animal and reducing the risk of envenomation.

Sedation is rarely required. Diazepam (see Appendix 3) 
has been used effectively for sedation for minor procedures 
such as radiography and transportation and at low doses 
has also been useful in controlling anxiety and encourag-
ing feeding in platypuses undergoing rehabilitation.

Pre-anaesthetic fasting requirements are provided in 
Table 9.1. Injectable anaesthetic agents have rarely been 
used. Gaseous anaesthesia using isoflurane or sevoflu-
rane in oxygen is the anaesthetic of choice. It is safe, effec-
tive and induction and recovery are rapid. Standard small 
animal monitoring equipment can be used. Complica-
tions are rare. Hypo- or hyperthermia may occur in 
extreme temperatures. When the ambient temperature is 
below 10°C, a 32–34°C hot water bottle can be used while 

(a) (b)

Fig. 9.2. Fyke nets (a) and a gill-net (b) set for the capture of free-ranging platypuses (Ornithorhynchus anatinus).
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the animal is being held in a bag before anaesthesia and 
on recovery. During anaesthesia, body temperature can 
be maintained using a hot water bottle, thermostatically 
controlled heat pad or forced air warming blanket and a 
bubble-wrap blanket (Macgregor et al. 2014). Platypuses 
are more susceptible to hyperthermia than hypothermia; 
overheating must be avoided. Anaesthesia in hot ambient 
temperatures should be avoided or ensure mechanisms 
for cooling are available. Apnoea and rapid-onset brady-
cardia, with heart rates as low as 10–12  bpm during 
anaesthesia may occur occasionally under isoflurane 
anaesthesia. This response is often observed during 
induction and recovery (Booth and Connolly 2008; 
Macgregor et al. 2014). Macgregor et al. (2014) proposed 
that the response is the result of stimulation of nasal 
chemoreceptors and the trigeminal nerve by isoflurane, 
leading not only to apnoea, but also to bradycardia, either 
as a secondary response to the apnoea or directly from 
stimulation of the nasal receptors and should be referred 
to as a ‘nasopharyngeal’ response rather than a ‘dive 
response’. Although of little consequence, and recovery is 
spontaneous, the nasopharyngeal response must be dis-
tinguished from anaesthetic dose-dependent cardiorespi-
ratory depression, which would require reduction of the 
anaesthetic concentration.

Induction may be via a T-piece and face mask or 
induction chamber. An induction chamber is useful for 
adult males because it avoids the need for physical 
restraint and therefore reduces risk of envenomation. The 
animal is usually left in a cloth bag while in the chamber. 
Once anaesthetised the animal is removed from the 
chamber and bag and maintained via a mask. Induction 
using a face mask requires a brief period of physical 
restraint. This is best accomplished with the animal in a 
cloth bag that has a hole cut out of one corner just wide 
enough for the bill. Alternatively, the bill can be directed 
to a corner of the bag with no hole so that the animal 
breathes through the material of the bag. Gently restrain 
the animal within the bag on a foam mat or towel while 
placing the mask over the bill. Induce by gradually 
increasing the isoflurane concentration to 5% using 
1–2  L/min oxygen. Platypuses can generally be main-
tained on 1.5% isoflurane in 1.5  L/min oxygen (Booth 
and Connolly 2008; Macgregor et al. 2014). Typical induc-
tion time for adult healthy platypus is 1–2 min. Immedi-
ately after induction, examine the oral cavity and 
pharyngeal area to ensure that the upper airway is free 
from obstruction by ground-up prey. Anaesthesia is 

Table 9.1. Pre-anaesthetic fasting recommendations for 
Australian mammals

Platypus (Ornithorhynchus anatinus)

Not usually required as not prone to regurgitation under 
anaesthesia. If foraging just before capture (often the case with 
free-ranging platypus) the caudal oral cavity and buccal 
pouches may be full of ground-up prey, which could potentially 
obstruct the airway. It is generally preferable to have the animal 
in a bag for ~1 hr before anaesthesia to allow the mouth to 
empty (although there is still often food in the buccal pouches 
even after this time). This also allows time for the fur to dry.

Short-beaked echidna (Tachyglossus aculeatus)

Echidnas can vomit, although are not prone to regurgitation 
under anaesthesia. Fasting for 4–6 hr before anaesthesia is 
recommended. Additionally, anaesthesia after feeding is not 
recommended as gut stasis may predispose to gastric yeast 
overgrowth and/or bloating.

Macropods, koalas (Phascolarctos cinereus), wombats, 
bandicoots, greater bilby (Macrotis lagotis)

Not required as adults not prone to regurgitation under 
anaesthesia. Animals that have eaten just prior to anaesthesia 
may have masticated food present in the oral cavity. This 
should be cleared to avoid aspiration and particularly if the 
animal is to be intubated to avoid food particles inadvertently 
being introduced into the trachea. Hand-reared PY are best 
not fed within 1 hr of anaesthesia as they may regurgitate 
and aspirate formula.

Dasyurids and numbat (Myrmecobius fasciatus)

Not required as not prone to regurgitation under anaesthesia; 
however, fasting for 1–2 hr for smaller species and 6–8 hr for 
larger species is generally recommended.

Possums and gliders

Not required as not prone to regurgitation under anaesthesia; 
however, fasting for 1–2 hr is recommended. Checking and 
clearing the oral cavity immediately after induction is 
recommended to avoid aspiration of residual food material in 
the mouth.

Bats

Not required as not prone to regurgitation under anaesthesia, 
except immediately after feeding or drinking. Fasting is 
contraindicated in insectivorous bats because of their high 
metabolic rates.

Rodents

Not required as they cannot vomit. Checking and clearing 
the oral cavity immediately after induction is recommended 
to avoid aspiration of residual food material in the mouth.

Dingo (Canis familiaris), pinnipeds

Fast for 12 hr

Cetaceans

Fast for 24 hr
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always maintained via a mask. It is very difficult to intu-
bate platypuses because the very narrow gape and torus 
linguae make passage of a tube and visualisation of the 
larynx very difficult (Booth and Connolly 2008). With 
field anaesthesia the animal is best held in a bag for 
30–60 min after full recovery before returning to water 
(Macgregor et al. 2014). Captive platypus can be returned 
to their tunnel system and allowed access to water after 
an hour.

2. SHORT-BEAKED ECHIDNA
2.1 Capture and physical restraint
Short-beaked echidnas (Tachyglossus aculeatus) are very 
strong, have sharp quills (the tips of which can cause con-
siderable irritation to human skin) and curl into a tight 
ball when handled. They dig in and grasp firmly to any 
substrate when approached and can wedge themselves 
securely beneath or within structures. Extraction with 
protected hands (thick towel or protective gloves) or care-
ful use of a shovel may be necessary if the echidna has dug 
into soil. Extraction from soft soil can sometimes be 
accomplished by positioning oneself behind the echidna, 
then placing a hand on either side of the ventroflexed head 
and shoulders and rolling the animal towards you, quickly 
grasping a hindlimb to suspend it as described below 
(Middleton 2008; NHMRC 2014; Holz 2015). In some situ-
ations, chemical restraint via IM injection may be required 
to facilitate extraction and capture (see section 2.2).

Once extracted or on smooth, firm substrates, slide 
gloved or ungloved hands beneath the echidna from each 
side. The body will curl around the hands with the head 
held tight against the ventrum. The echidna can then be 
lifted and held securely against the protected body of the 
handler (Fig. 9.3). A hindfoot may also be grasped by the 
elongated claws or tarsus and the echidna suspended 
briefly by the hindlimb. As the echidna uncurls, slide the 
other hand beneath the body, lifting it off the ground 
while supporting it. Habituated captive echidnas can 
often be picked up by simply placing the hands under 
either side of the body. Little can be accomplished in 
terms of examination or sample collection from a con-
scious echidna unless it is habituated to handling. Once 
captured the echidna can be placed in a suitable recepta-
cle (e.g. plastic garbage bin, large plastic storage container) 
for transport or short-term holding or it can be injected. 
Echidnas will rapidly destroy and escape from a card-
board box. For examination and other procedures 

chemical restraint will be required (Middleton 2008; 
NHMRC 2014; Holz 2015).

Echidnas have a relatively low body temperature 
(32°C) and their body temperature can vary with ambient 
temperature. Their thermoneutral range is 20–30°C. 
Above around 28°C heat loss is minimal and hyperther-
mia will develop. Capture and handling of echidnas 
should be avoided at high ambient temperatures and if 
unavoidable, means for cooling must be available (Mid-
dleton 2008).

2.2 Chemical restraint
For anything other than minor procedures, such as injec-
tions or transport, chemical restraint is required. Pre-
anaesthetic fasting requirements are provided in Table 
9.1. Injectable agents have been used for sedation, induc-
tion before maintenance with gaseous agents, brief 
examination, sample collection, minor treatments or 
when difficult to extract from a surface or space (see 

Fig. 9.3. Physical restraint of a short-beaked echidna 
(Tachyglossus aculeatus). The handler’s arm is positioned 
transversally across the ventrum and the echidna held against 
the protected (with a towel) body of the handler. Photo: 
Taronga Zoo
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Appendix 3). IM injections can be given in the hindlimbs 
or epaxial muscles (useful in unrestrained echidnas that 
cannot be extracted for physical restraint).

Gaseous anaesthesia is the method of choice. With 
physical restraint, a tube-shaped mask (improvised from 
syringe barrels or plastic bottles) is placed over the beak. 
Mask size and materials should be designed to fit the beak 
without rubbing and abrasion. Most echidnas will ven-
troflex the neck after mask positioning and remain rea-
sonably immobile until induced. If the beak is tightly 
tucked away and cannot be extracted, a cone mask placed 
over the area of the nares often provides enough sedation 
to extract the beak and apply a tube-shaped mask. Alter-
natively, an induction chamber can also be used, which 
avoids the need to physically restrain the patient and thus 
may be less stressful. The chamber must be strongly con-
structed to withstand the echidna’s physical strength 
(Middleton 2008; Holz 2015).

Isoflurane or sevoflurane in oxygen is generally used. 
Induce by gradually increasing the isoflurane concentra-
tion to 5% using 1.5 L/min oxygen. Echidnas can gener-
ally be maintained on 1.5–2%. Maintenance is via a mask 
as echidnas are very difficult to intubate because of their 
narrow oral cavity, small gape and the presence of a 
keratinous pad on the dorsal surface of the base of the 
tongue making it difficult to visualise the larynx (Holz 
2015). If required, to maintain an airway, an appropriately 
sized endotracheal tube may be inserted to just beyond 
the base of the tongue until air can be detected moving 
through the tube. The tube cuff can be inflated to create a 
seal. Visualisation of the glottis and larynx and intuba-
tion with the aid of a small rigid endoscope has been 
described (Reynolds and Sommerland 1996).

Standard small animal monitoring equipment can be 
used; however, attachment of oximetry sensors may be 
difficult. Regular visual observation of respiration and 
monitoring of heart rate and rhythm via stethoscope are 
more useful. Complications in healthy echidnas are rare. 
Echidnas are tolerant of increased CO2 concentrations 
and respond by increasing tidal volume rather than res-
piratory rate. Thus, respiratory rate may not be a reliable 
monitoring parameter during anaesthesia (Rissman 
2000). Periods of apnoea are also common and may be 
accompanied by bradycardia. This is usually transient and 
recovery is spontaneous; however, in some cases stimula-
tion and/or reduction in isoflurane concentration is 
required. Hypo- or hyperthermia may occur and mecha-
nisms for cooling or warming should be available if anaes-
thesia in extreme temperatures is unavoidable. Anaesthesia 

in sick or traumatised individuals, especially in those with 
beak injuries, can be complicated. Damaged soft tissue, 
fractures, blood and saliva may block the airway. Mask 
induction may be difficult. Injectable induction may be 
preferable; however, once the animal is anaesthetised, 
attempts must be made to keep the airway clear, by manu-
ally removing obstructions or with the passage of an 
appropriately sized endotracheal tube as described above. 
Gently inserting an 18G catheter into a nostril may allow 
adequate ventilation during anaesthesia, provided the 
patency of its lumen is maintained (Middleton 2008).

3. MACROPODS
3.1 Capture and physical restraint
The physical capture and restraint of macropods requires 
careful planning, preparation and execution to ensure the 
safety and welfare of both animals and personnel. When 
approached, or during capture attempts, macropods 
often flee and may run aimlessly into obstacles, resulting 
in significant injury and sometimes death. When 
restrained, they may react violently and attempts to 
restrain them further may result in injury to the animal 
or handler. Females may eject PY. Performing procedures 
in high ambient temperatures (>30°C) should be avoided. 
Macropods are susceptible to capture myopathy (Vogel-
nest and Portas 2008; NHMRC 2014; Vogelnest 2015). 
Macropods can be dangerous and may attempt to kick, 
which, together with the sharp nail of digit 4 of the pes 
and the powerful hindlimbs, can cause serious injury. 
Capture from the front of the animal should never be 
attempted. They will also bite. Restraint of large macro-
pods can be physically demanding.

There is considerable species variation in response to 
capture and restraint. Some are relatively tolerant (includ-
ing free-ranging animals), while others are intolerant and 
require the judicious use of sedatives, tranquillisers or 
anaesthetic agents.

A range of methods and equipment can be used to cap-
ture and restrain macropods (Table 9.2). Regardless of the 
method chosen, careful planning is required, long pursuits 
must be avoided and alternate options, including willing-
ness to abort the capture, must be available.

3.2 Chemical restraint
Injectable agents can be given IV or IM. Oral administra-
tion of sedatives or tranquillisers is rarely used as efficacy 
is unpredictable and unreliable. Accessible veins in 
macropods are listed in Appendix 2. IM injections are 
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best given in the large thigh muscles, by hand, pole 
syringe or projectile dart. If chemical restraint is to be 
used after physical capture, larger animals can be held 
momentarily by the tail and allowed to hop on the spot 
while they are hand injected or the animal can be lifted 
off the ground with one hand holding the base of the tail 
and the other arm placed around the animal’s abdomen 
with it facing away from you, while a second person hand 
injects the animal. Animals can also be readily injected 
IM through the material of a net or bag. The success and 

quality of anaesthesia relies on animals being calm before 
and during induction.

3.2.1 Remote chemical capture and restraint

The remote chemical capture and restraint of free-ranging 
macropods is generally limited to the larger species and 
should only be attempted by experienced operators with 
appropriate equipment. A sound understanding of macro-
pod behaviour is required in order to approach within an 
appropriate darting distance. Depending on the species 

Table 9.2. Methods and equipment used to capture and restrain free-ranging and captive macropods (Vogelnest and Portas 2008; 
NHMRC 2014)

Method Technique

Hand capture Catch by the base of the tail; take care not to hold the tail too distally as this may result in injury to 
the tail; should be avoided in small macropods (e.g. bettongs, potoroos), as coccygeal vertebral injury 
may occur, and large individuals because of the degree of difficulty and risk

Long-handled hoop nets 
with flexible hoops

Size of hoop and depth of the net must be appropriate to size of animal; animals can be made to run 
along a fence line or be cornered and rapidly scooped up in the net as they run past

Funnels Funnels can be erected along a fence line or in the corner of an enclosure; run animals down the 
funnel, which is constructed with material that provides a visual barrier and then hand or net capture

Enclosure traps Large, fenced (height and construction appropriate to species) enclosure with one-way gates with or 
without a herding funnel or chute; baited to attract the animals or enclosing a watering point; once 
trapped, hand or net capture within the enclosure or after herding down a funnel; monitor set traps 
frequently; or dark enclosed area where macropods are encouraged to enter to feed and then in 
subdued lighting dart, net or hand capture (W Boardman pers. comm.)

Cage treadle traps (hard 
wire mesh, soft-sided)

Suitable for wallabies and potoroids; set overnight; checked overnight and early morning; stabilise 
and secure with pegs in the ground, weights or tied to rocks or trees to prevent the trap rolling over 
with animal inside; cover with waterproof sheeting to shelter trapped animals in rain; a visual barrier 
(e.g. shade cloth) over most of the wire mesh trap allows handlers to approach the trap without 
being seen, minimising stress and self-harm to the trapped animal; padding the internal roof to 
minimise head trauma; traps can be baited or unbaited if set along fence lines or natural runways; a 
range of baits can be used; a period of free feeding from traps before setting improves trapping 
success; traps left unmonitored when not in use must be locked to avoid tampering and setting by 
unauthorised people; animal can be removed by encouraging it into a bag placed over the trap 
entrance (Fig. 9.4)

Drawstring traps Used to capture kangaroos where they habitually move through fences; consists of a tunnel of netting 
suspended from a steel mesh frame, with drawstring closures at each end; operator closes the trap by 
hand from a nearby hide and then subdues the kangaroo in the trap; high risk to animal and 
personnel (Coulson et al. 2003)

Cloth bag or sack (burlap, 
hessian, calico)

Once captured, transfer to bag or sack; generally remain calm providing head is covered; macropods 
can be comfortably held or transported in tied bags suspended off the ground (ventilation and 
ambient temperature are important) (Fig. 9.5); heavily sedated or anaesthetised animals should not 
be hung in bags as they may suffocate if the muzzle gets wedged in a corner of the bag or the neck 
becomes flexed; animals can be weighed using hanging scales, briefly examined, blood sampled or 
hand injected with chemical restraint or other drugs

Chemical capture Remote injection devices:
• Pole syringe: useful for captive or free-ranging habituated macropods that can be approached 

without fleeing; commercial or customised poles; lightweight extendable poles up to 4.85 m have 
been used (King et al. 2011)

• Dart propelled by blowpipe, pistol or rifle: suitable for wallabies and kangaroos in open areas 
(Cracknell 2013)
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and the circumstances, some habituated macropods can 
be closely approached on foot while others tolerate close 
approach by vehicle. Some species are more readily darted 
at night; however, maintaining visual contact with ani-
mals once darted can be challenging when operating at 
night. Several projection systems that are suitable for the 
remote chemical capture of macropods are available in 
Australia. Both Dan-Inject (DAN-INJECT ApS, Sellerup 
Skovvej, Denmark) and Pneu-Dart (Pneu-Dart Inc., Wil-
liamsport, PA, USA) manufacture compressed gas projec-
tors suitable for darting free-ranging macropods. 
Pneu-Dart makes light-weight, single-use, 1  mL plastic 
darts with short (12.7 mm) needles that allow for accurate 
darting at distances of up to 50 m with minimal risk of 
trauma (T Portas pers. comm.)

Macropods have a relatively small target area (the 
caudal thigh muscles) and poorly placed projectile darts 

may penetrate the thoracic and abdominal cavities 
injuring viscera or fracturing long bones, particularly 
the femur and tibia, resulting in significant morbidity or 
mortality. Accurate placement of projectile darts and 
appropriate pressure settings to ensure minimal impact 
trauma are key factors in achieving a successful and 
humane outcome. Use of a range finder to measure 
darting distance is imperative to ensure appropriate 
pressure settings. Once recumbent, anaesthetised 
macropods should be blindfolded and have a folded 
towel or sack placed under the neck to angle the nose 
and mouth downwards to allow saliva and any food 
material to drain away from the trachea (Fig. 9.6) (T 
Portas pers. comm.). In colder climates a tarpaulin and/
or foam rubber matting should be placed under the 
macropod to minimise heat loss while it is recumbent. 
Long inductions and high ambient temperatures may 

(a) (c)

(b) (d)

Fig. 9.4. Cage treadle traps suitable for wallabies and potoroids. (a) Thomas trap (collapsible soft trap, flat packs to make freight 
and hiking into remote areas cheaper and easier; Sheffield Animal Traps, Welshpool, WA, Australia), (b) soft-sided treadle trap, (c) a 
brush-tailed rock-wallaby (Petrogale penicillata) in a wire treadle trap (note the reflector hanging from the tree (arrow), which 
facilitates locating traps at night) and (d) a brush-tailed rock-wallaby being transferred from the trap into a canvas bag. Photos: (a) 
and (b) Deb Ashworth, (c) and (d) Larry Vogelnest
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result in hyperthermia; water and shade should be avail-
able for cooling. Tiletamine-/zolazepam-based combi-
nations remain the most frequently used drugs for the 
remote chemical capture of macropods (see Appendix 3) 
because of the relatively short induction, the ability to 
concentrate into small volumes and reliability. However, 
recovery times may be prolonged and animals need to 
be monitored and managed until ambulatory to mini-
mise complications during recovery. Placing the animal 
in a large sack with the opening loosely tied until fully 
recovered minimises the risk of injury or misadventure. 
When the animal attempts to stand initially, but cannot 
because of restriction by the sack, they tend to lie down 
again until they can get themselves out of the sack (W 
Boardman pers. comm.).

Fig. 9.5. Translocated brush-tailed rock-wallabies (Petrogale 
penicillata) in bags suspended in trees before release. Photo: 
Deb Ashworth

3.2.2 Sedation and tranquillisation 

Macropods are often highly strung and even the most 
habituated individuals may suffer stress and anxiety 
when subjected to unusual or noxious stimuli or events, 
often with dire consequences. The judicious use of seda-
tives or tranquillisers (see Appendix 3) when capturing, 
transporting, introducing, hospitalising or intensively 
caring for macropods can assist in preventing adverse 
effects and ensuring positive health and welfare out-
comes. Diazepam is a commonly used sedative in macro-
pods. Individual and species responses are variable. 
Diazepam has a wide safety margin and it is generally 
preferable to slightly overdose than underdose; however; 
in all cases a dose appropriate to the temperament and 
health status of the animal and the circumstances should 
be chosen. Its anxiolytic and muscle-relaxant properties 
are useful for the prevention of capture myopathy if given 
immediately after physical capture. Orally administered 
diazepam is unreliable and rarely used. Midazolam, used 
alone or in combination with other agents, is a useful 
short-acting sedative with similar effects to diazepam. 
Kragness et al. (2016) used a CRI of midazolam (0.06 mg/
kg per hr IV) to limit activity, yet allow normal consump-
tion of food and water, for 4 d following cervical spinal 
surgery in a red-necked wallaby (Notamacropus rufogri-
seus). Midazolam 1−3 mg/kg per hr CRI titrated to effect, 
in combination with chlorpromazine (1  mg/kg slow IV 
q  6  hr) and methocarbamol (50  mg/kg IV q  6  hr as 
required), continued for 6  d, provided a good level of 
sedation and muscle relaxation in an adult eastern grey 
kangaroo (Macropus giganteus) being treated for tetanus, 
including maintenance of an oesophageal tube (J Weller 
pers. comm.).

A range of short-, intermediate- and long-acting neu-
roleptic drugs are now in common use in macropods (see 
Appendix 3). They are primarily used when transporting, 
introducing or hospitalising macropods. Alone or in 
combination these drugs can provide continuous tran-
quillisation for up to several weeks. Intermediate- and 
long-acting neuroleptic drugs are best given some time 
(depending on time to peak effect of the agent used) 
before transport in order to have maximum effect at the 
time needed.

3.2.3 Anaesthesia

Pre-anaesthetic fasting requirements are provided in 
Table 9.1. A wide range of injectable anaesthetics have 
been used in macropods (see Appendix 3). Inhalation 
anaesthesia with isoflurane or sevoflurane in oxygen for 

Fig. 9.6. Field anaesthesia of an eastern grey kangaroo 
(Macropus giganteus). Note the blindfold, folded sack under the 
neck to angle the head downwards allowing drainage away 
from the trachea and rubber matting placed under the animal 
to minimise heat loss. Photo: Timothy Portas
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induction and/or maintenance is commonly used. Induc-
tion using a face mask while the animal is physically 
restrained, ideally in a bag, is useful for smaller species, 
docile individuals and PY. The head can be extracted from 
the bag for mask placement or through the cloth with the 
animal’s head in a corner of the bag. Containment in the 
bag protects the handler from the powerful hindlimbs.

Intubation can be difficult and is not usually neces-
sary unless working on the head, in the oral cavity or for 
prolonged procedures. The narrow gape and dental 
arcades and substantial distance from the oral opening to 
the larynx make visualisation of the glottis difficult. 
Introduction of an endotracheal tube further obscures 
visualisation of the glottis. Residual food in the oral 
cavity should be cleared to avoid inadvertent introduc-
tion of food particles into the trachea during intubation. 
A long narrow-bladed laryngoscope, small rigid endo-
scope, flexible inspection camera or a long curved tran-
silluminator can be used. Long endotracheal tubes are 
required. A guide stylet can be inserted into the trachea 
and the endotracheal tube passed over it. The position of 
the animal’s body (dorsal, lateral or sternolateral) and the 
manner and position for holding the head are at the pref-
erence of the operator. Lateral recumbency, with the 
forequarters sternal, head elevated and neck extended, 
and using a long-bladed laryngoscope, facilitates intuba-
tion in most cases. Blind intubation can be achieved and 
is easier if the animal is in a deep plane of anaesthesia. In 
lateral recumbency, the animal’s neck is extended and the 
tongue is pulled out of the mouth. Grasping the larynx 
between the thumb and forefinger of one hand, pass the 
endotracheal tube over the tongue with the other until it 
touches the glottis. As the animal takes a breath and air is 
heard rushing through the tube, it is inserted.

Nasotracheal intubation has been reported in a red 
kangaroo (Osphranter rufus) with acute facial swelling 
that prevented the mouth from opening. The kangaroo 
was intubated blindly using a 7-mm (internal diameter), 
60-cm long endotracheal tube. Sterile lubricant was used 
to assist placement. The tip of the tube was positioned 
ventrally and the tube advanced slowly, with a finger 
directing it towards the ventral meatus. The head of the 
animal was extended and the tube advanced carefully 
into the trachea (Bauquier and Golder 2010).

Standard monitoring equipment used for small 
domestic animals can be used. Blood pressure can be 
monitored non-invasively (oscillometry technique), with 
a cuff placed at the base of the tail over the coccygeal 
artery. Management of bradycardia and hypotension if 

they occur are based on small animal principles (Monti-
celli et al. 2016). Indirect oscillometric measurements of 
blood pressure at the tail base of six anaesthetised red-
necked wallabies had wide limits of agreement and vari-
able bias when evaluated against direct blood pressure 
measured in the medial metatarsal artery (Watson et al. 
2016). Though not accurate, such indirect measurements 
can potentially detect trends in blood pressure over time.

3.2.4 Locoregional anaesthesia

Locoregional anaesthesia and the judicious use of analge-
sics are important adjuncts to multimodal pain manage-
ment in macropods (see Appendix 4). The use of pre- or 
intraoperative locoregional anaesthesia is likely to have a 
sparing effect on requirements for intraoperative gaseous 
anaesthesia and postoperative analgesia such as opioids. 
Macropods are prone to stress and poorly managed pain 
is a likely contributing factor. Locoregional anaesthesia is 
commonly used in veterinary surgery to eliminate pain 
only in the region of the surgery. Its use and benefits are 
well recognised in oral, orthopaedic and other surgical 
procedures. Its use in macropods would minimise stress 
and improve postsurgical recovery. Locoregional anaes-
thesia can be facilitated with the use of ultrasound guid-
ance or a transcutaneous electrical nerve stimulator. The 
successful use of these techniques, however, relies of 
detailed knowledge of neuroanatomy. Ultrasound-guided 
femoral and sciatic nerve blocks using ropivacaine in a 
red-necked wallaby undergoing an orthopaedic proce-
dure have been described (Monticelli et al. 2016). 
Although the sciatic nerve could be easily visualised, the 
femoral nerve could not be readily identified. Lignocaine, 
injected into the spermatic cord on each side proximal to 
the testes, provides intra- and postoperative analgesia 
when castrating macropods (and other marsupials).

4. KOALA
4.1 Capture and physical restraint
Capture and retrieval of captive koalas is relatively 
straightforward because most are docile and trees or 
enclosure furnishings are generally low in height. It is 
accomplished by encouraging the koala to back down the 
tree by placing a hand or object on top of its head. Koalas 
that are out of reach can be ‘flagged’ down, using a rod or 
pole with a cloth tied to the end and waved over or 
touched against the animal’s head. Docile koalas can then 
have their forefeet unhooked from the tree and be pulled 
slowly downwards and away from the tree to disengage 
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