CHAPTER 27

Crocodile Immobilization and Anaesthesia

John P. Loveridge' and David K. Blake”*

TI [E use of drugs for mammal capture and trans-
location is an established practice for wildlile
managers and veterinarians (Young 1973; Harthoorn
1976). By contrast, techniques for the chemical
capture of crocodilians do not yet exist, partly
because their amphibious habits make a relatively
long-acting drug applicd with a projectile dart
impractical to use. The techniques developed for
crocodilians thus far are limited to captive situations
or where an animal is caught in a trap or noose.

Many drugs have been tried on crocodilians, but
mostly with limited success (see review by
Loveridge 1979). This chapter describes further
experiments carried out on Crocodylus niloticts
with a variety of drugs. [t also reviews the technigues
that can be used o immobilize animals for trans-
location, measurement, for immobilization and
local anaesthesia associated with minor surgical pro-
cedures, or for when complete anacsthesia s
needed.

Densmore (1983) recognizes 21 species of living
crocodilians, and until proved otherwise, we have
adopted the conservative view that drug suitability
and dosages are different in different species. This,
taken together with the farge size range in croco-
dilians (from 40 g to over 500 kg) makes gencraliza-
tions difficult. A further variable, that is not en-
countered in mammalian and bird work, is body
temperature. It is probable that body temperature
will have far-reaching effects on such factors as drug
absorption, metabolism and excretion in croco-
diltans, and should be taken into account when
selecting drugs and dosages.

IMMOBILIZATION

The drugs to be described in this section are the
so-called muscle relaxants. They block neuro-
muscular rransmission, and any animal immobilized
with them has its sensory and nervous system intact
and can feel pain. Tt should be emphasized that no
procedures involving the possibility of pain should
be attempted while crocodiles are immeobilized with
neuromuscular blockers alone.

Gallamine triethiodide

Gallamine is 2 phenolic ether with quarternary
ammonium groups, similar in its action to curare,
which raises the threshold for depolarization of the
motor end plate by acetylcholine (Strobel and
Wollman 1969). It is excreted unchanged via the
kidneys in mammals (Feldman et ¢l 1969) and its
elimination is therefore dependent upon intact
renal function. Gallamine has been successfully
used for the immobilization of Crocodylus nifoticus,
mainly in Zimbabwe (Loveridge and Blake 1972;
Loveridge 1979). Up to the end of 1983 gallamine
had been used in 338 trials on crocodiles weighing
from 1.75 to 423 ke, Gallamine has 4 wide thera-
peutic index with doses ranging from 0.64 to 7.74 mg
kg im. having been used successtully. No undue
bradycardia or respiratory impairment are evident
[ollowing gallamine injection (Fig. 1). The tachy-
cardia of 60 beats min is atributed to the handling
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Fig. 1.The eflect of gallamine and neostigmine on the respiratory
frequency, heart rate and body wemperature of 4 4.8 kg
Crocodhdus nflotices. At the first arrow 9.6 g gallamine
waus injected im. and at the second arrow 003 mg nco-
stigmine was injected 1.m.
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during injection and fell w30 beats mim © after 240
min. Other effects of gallamine immuobilizition are
mouth-gaping (Fig, 2}, probably due o the relaxa-
tion o the jaw musculamre, sometmes  lachn
neation and salivation are also observed, In mam
cases crocodiles have been immobilized several
times with gallamine withow il effect, and wans-
locarions over distances of up o 2400 km have been
undertaken with animeals immobilised with galla-
mine

Neostigmine methy] sulphate (0.03-0.06 mg kg
L ) s the antidore o gallamine. As an antidore on
its own it has resalted in some undesirable side-
effects,  including  lachrymation,  purgation and
emesis. On o occasions we have tricd the injection
of rropIne prior W0 neosugmine injecton, Atropine
sttlphare ar the dosage of 0,03 mg ke’ bme was used
successfully, bur further work is clearly necessary:
crocodiles do not alwavs show adverse reactions o
neostigmine. In cases where immediate recovery is
nod important o the crocodile has been immohil
iged for an extended period of time we have not
administered the neostigmine and have alloswed the
crocodiies o recover withour the antidote. In any
event, it s important o allow crocodiles access w
shallow  warer  immediaely  afier the  recoven
period. Even a hole dug in the ground. lined with a
cirpaulin and filled with water (Fig. 2 is suitable for
this purpuose,

The martaliny in 358 ials wsing gallamine wis
seven aninutls, or 1.25%, In none of the seven cases
is it certmn thar gallamine or neostigmine far e wis
the cawse ol death. Twice, death was due o drowen-
ing after administeaton of gallamine by dart 1o free-
runging crocodiles. In one of these cases an experi
mental dart wich a floaing wil-section attached by a
nvlon cord o the main body of the dat was wsed
The cord broke and the drugged animal was lost
One drugged adult crocodile inaemporary holding
pen was asphyvsiated when a larger dragged animal
lav across s snout, blocking the external nares
Another Faality has been auributed 1o very cold
westher, The antidote wias administered in this case,
bur we think the neostigmine was metabolized
much more quickly than the gallamine was excrered
owing 1o reduced renal unction ar the low emp-
eratures, leading o further immaobilizagon and
drowmening,

Recommendations are: sallamine ar the e of

0.5-2.0 mg kg is satisfictony bur an easier rule of
thumb is 10O mg kg im. While immuobilized, the
eves and eurs should be covered 1o reduce stress
from sensory input and  the animals should be
handled carefullv, curied on a stretcher, and kep
warm bur our of hot and direct sunlight. Neostig
mine (003006 mg k;.,l' i.m. ) can be used with or
withour preatropinisation (0.035 myg kp,' 171 ) OF Can
be dispensed with alogether following a low dose of
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gallamine or an extended period of immonhilization.
Recovery should take place in warm surroundings
with access to clean water for excretion of gallamine.

Succinvichoiine chloride

Succinvlcholing  or  suxamethonium  chloride
depolarises the muscle end-plate withour the
release of acetylcholine. [t is quite rapidly hydro-
lysed by plasma pseudocholinesterase, but has no
antidote. Succinylcholine chloride was used by
Brisbin {1966) ar dosages of 3.0-5.0 mg kg' i.m. 10
immobilize juvenile Afligator mississippiensis in 4
min; complete recovery ok 7-9 h. Klide and Klein
{1973) used it successfully at dosages of 0.3-2.2 mg
kg! on voung Caiman crocodilus which were
immobilized in 3-7 min and recovered in 30-40 min.
They also used it when moving a 200 kg Crocodyfies
acutus (93 mg kg im.) and a 160 kg C. paiustris (6.1
mgkg').

Table . Immobitizing dosages of suxamethenium chloride for
wwo crocodile species (after Messel and Stephens 19800,

I3OSAGE
BodyWeight  Crocodyfusjolmstond Crocodvius porosus

kg mg kg’ mp kg'

5 22 20

10 17 10

15 1.4 9
20) 1.2 B
25 1.0 s
30 0.9 7

50 = 5
100 — 4
130 — 3
200 == 3
250 — 3

Suxamethonium chloride has heen successfully
used with the Australian crocodiles C porosus and €.
jobnstoni {(Messel and Stephens 1980). [t was
administered  intramuscularly when mixed with
hyaluronidase, to promate absorption, and twok
effect in 15-30 min; crocodiles were immobilized for
30-40 min. Dosages were larger for small crocodiles,
and the dosage for C. porosus was much larger than
that for €. jobnstoni of the same weight (Table 1).
Care must be taken o prevent overheating as croco-
diles immobilized with suxamethonium do not gape
(Messel and Stephens 1980). As with gallamine, pre-
cautions must be taken to avoid drowning, so croco-
diles 0 be immobilized must be already securcly
captured before the drug is administered.

IMMOBILIZATION AND ANALGESIA FOR
MINOR SURGICAL PROCEDURES

To avoid inflicting pain when treating superficial
wounds or for such minor surgical procedures as
removal of ostecoderm sections for ageing, croco-
diles can be immobilized using gallamine (sec
above) followed by field block of the area with

procaine hydrochloride or lidocaine hydrochloride.
When removing neck scute sections from
nitoticies, 250 mg of procaine HCl was injected
under the scute, half from in front and the rest from
behind. After washing with surgical spirit 4 section
about 5 mm thick was cut with an amputation saw,
and the wound was packed with antibiotic powder.
No infection was recorded in captive crocodiles or
in recapured wild individuals treated in this way
(Hutton 1984).

A similar technigue has been employed for toe-
amputation. Cold has been used as a local anacsthie-
tic by spraying ethyl chloride onto single tail scutes
prior to marking them by amputation or punching a
hole in them for tags. It is not clear whether cold
does provide adequate analgesia and in cases where
local anaesthesia is required, lidocaine or procaine
is preferred.

ANAESTHESIA

For major surgical procedures such as gastro-
tomy, laparotomy or limb amputation, surgical plane
anacsthesia is a necessity, Although inhalation anacs-
thesia using halothane is perfectly satisfactory in the
veterinary  surgery or  laboratory  {(Calderwood
1971}, its use assumes both prior immobilization o
minimize stress and the availability of equipment for
artificial ventilation. The search for an injectable
anacsthetic suitable for use in crocodilian species
has, so far, not been rewarded. A few drugs have
shown poteniial, but further work has cither not
duplicated the results or has failed 10 extend the
observations to other species.

Ketamine hydrochloride

Beck (1972) used ketamine (44-50 mg kg') to
anaesthetise Carmarn crocodifus (sizes, route of
administration and other data not given) and Cooper
(1974) used it on a variety of East African reptiles { 25-
220 mg kg'l ). Jomes (1977) recommended 50 mg kg'l
for 2.5-3.0 kg Alligaior mississippiensis. Terpin et dl.
(1978) made six trials on A mississippiersis weighing
from 0.8 1o 100 kg, and vsed dosages of 40-106 mg
kgl Dosages of 45-75 mg kg' rendered alligators
unconscious in 10-20 min when injected im. and
sensitivity to tactile stimuli reappeared in 40 min.
For surgery 80-100 mg kg is recommended; uncon-
sciousness results in 20 min, deep anaesthesia lasts
tor 2-4 h, and recovery oceurs after 12-24 h. No anti-
dote for ketamine is available,

We were unable 1o duplicate these results with
Crocodyvius niloticus. Ketamine dosages of 18-45 mg
kg injected im. did not immobilize the crocodiles
(Table 2), so even if analgesia was induced, surgery
would not have been possible. Dosages in the range
59-110 mg kg' caused death either in the short or
long term (Table 2). A Crocodyfus niloticus injected
with 30 mg kg ketamine showed very little change
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Table 2. "The effects of different doses of keramine hydrochloride on Crococodvius nifoticus.

Body Weighe Dosage Bady
(kg Route  (mgkg') Temperature (°C) Comments -
17.0 L. 17.6 31.2 Never properly immaohilized; slowed for 30
min from 25 min after injection; recavered.
3.6 fm. 30.0 30.0 Never properly immobilized; recovered
after 20 h.
3.0 im. 30.0 0.0 Never properly immobilized; recovered
after 20+ h.
33 im. 300 300 Never propetly immotyilized; recovered
after 20 h,
16.0 im. 313 31.5 Never properly immobilized; recovered
: in2h.
21 i 44.9 25.9 Sloweedland unresponsive for 1 hfrom 15
min after injection, never immaobile.
Recovered indh,
0.07 i 0.4} s Deadafier 1 hi{ Cooper 1974}
0.4 im. 600 — Less reactive afler 20 min, respiration ceased
after 130 min, died.
44 im.’ 62.5 15.00 Never properly immaobile; biood wken by
carcliac puncture after 2 h; died after 7 days.
57 i, 63.2 19.8 Slowed but never properly immobile; blood
taken by cardiac puncture after 2 h; died
after 9 days.
067 L. 90.0 — Immobile for 10 minatter 4 h cumulative
injections Y0 myg kg .
1140 — 1 hlater with atonal of 110mgkg 4, no
respiration or heart bear.
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Fig 3 The effect of ketamine on the respiratory freguency, heart rate and body temperature of a 3.6 kg Crocodyilis rifoticus. Atthe arrow

108 mg of ketamine was injected im.

in heart or respiration rate except for a doubling of
heart rate for the first 15 min after injection (Fig. 3),
which is probably attributable to handling. It seems
clear that ketamine is a suitable anaesthetic for
Alfigator mississippiensis and perhaps for Cuimean
crocodils, but is unsuitable for Crocodylus
riloticus.

Etorpbine hydrochloride

Wallach and Iloessle (1970) and Frye (1973)
recommend the use of etorphine to induce anaes-
thesia in crocodilians. The drug was injected

intraperitoneally (i.p.) or L.m., using projectiles for
large animals and hand-held syringes for smali ones.
Dosages ranged from 0.03 mg kg' for a 1.7 kg
Alligator mississippiensis, which was immobile after
30 min, o 44 mg kg' for a 011 kg Caiman
crocodifis which was immobilized in 11 min and
affected for 40 min (Wallach and IHoessle 1970,
Good results were reported after im. injection into
40-68 kg A mississippiensis at dosages of 0.29-0.51 mg
kiz!. The alligarors became immobile after 20-25 min
and remained so for 60-180 min. The usefulness of
etorphine was not confirmed in Caiman crocodifus
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Tahle 3. The eflects of various drugs on Crocodyius nifoticus,
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BodvWeight Diosage Rody

Namcofdrug (kg Koure  {mgkg') Temperature (°C) Comments J

Phencydidine 0.37 i 27.0 30.4 Respiratory distress in 15 min, unable to right in 25 min,
hydrochloride death in 3% min.

Phencyclidine 18.0 im 122 239 Respiratory distress in 30 min, immobile after 45 min,
hydrochloride vomiled and died afier 25 h.

Pentobarbitone 135 im. 280 260 Immobilized after 2 h. Used doxapram HCL (6 mg kg )
sodivm after 3 days, recovered afrer 12 days.

Pentobarbitone 16.0 im. 529 2740 Immobilized after 2 h, respiration ceased in 3.5,
sodium died afier 5 h.

S-sec-Butyl-5-ethyl- 0.4% rm. 667 — After 30 min unreactive, norespiration; deadin 1 h.
2-thioharbiraric acid

Nyvlazine 163 im. 30 248 The drug had no effect on any of the crocodiles at the

Xylaxine 225 im 59 2'3.4} stated dosages.

Xylazine 2.41 im. 11.6 24.2

Tricaine .43 L. 244 = Dosages of 100 mg kg added within 2 h and no effects

noted,

(dosage 0.5 mg kg’ i.m.; Hinsch and Gandal 1969)
nor in Crocodylus niloticus (dosage 8 mg kg' im.;
Loveridge and Blake 1972},

At a recommended dosage of 0.2-1.0 mg kg v20-
100 mg wauld be required for a 100 kg crocodile.
The expense, large injection volumes required and
safety of handling such large amounts of a potent
drug mean that it is unlikely to find ready use in
crocodile  management. Neither Wallach  and
Hoessle (1970) nor Frye (1973) mention the use of
antidotes to etorphine to assist recovery of croco-
diles.

Pentobarbitone sodium

According to Burke (1978), barbiturates are not
recommended for reptilian anaesthesia. Earlier
reports on their use in crocodilians are summarized
by Loveridge (1979). In general, fairly massive doses
(7-28 mg kg') of pentobarbitone sodium are used.
Induction times vary from 10-45 min, but the effects
persist for up w five days (Klide and Klecin 1973},
Two trigls with pentobarbitone sodium  on
Crocodyius nifoticus are summarized in Table 3. At
the higher dosage of 53 mg kg™ death occurred after
5 h. At a dosage of 28 mg kg' the crocodile was
unconscious after 2 h, but recovery took 12 days,
despite the use of the analeptics, doxapram hydro-
chloride (6 mg kg), p-hydroxyephedrine (0.44 mg
kg!) and doxapram hydrochloride (6.7 mg kg'") on
the third day.

It is possible that pentobarbilone sodium has
some part to play in crocodilian anaesthesia, but
trials at lower dosages than the recommended i.m.
dosages of 10-30 myg kg either ip. or iv. into the
cervical venous sinus should be undertaken to estab-
lish its suitability.

Other Parenleral Anaesthetics

Phencydlidine hydrochloride has been reported
to be effective in anaecsthetising juvenile Alligator
mississippiensis at dosages of 11-22 mg kg’ im.

{Brisbin 1966}. it was reported to be unsuccesstul in
Crocodylus porosus and C. jobnstoni by Messel and
Stephens (1980), and we have found it to be lethal to
C. niloticus at dosages of 12 and 27 mg kg’ (Table 3).
Inactin (Promonta — 3-sec-Butyl-3-ethyl-2 thiobar-
bituric acid) killed a 0.45 kg C. niloticis in 1 hat a
dose of 67 mg kg and xylazine hydrochloride was
ineffective at 3, 6 and 12 mg kg (Table 3). Although
Brisbin (1966) found tricaine methane sulphonate
to be effective at dosages of 88-99 mg kg! im. on
Alligator mississippierists, these results were not con-
firmed by Klide and Klein (1973} on Caimern
crocodifus, Messel and Stephens (1980) on
Crocodyius porosus and C. jobnstoni nor by our-
selves with €. nfloticus (Table 3).

INJECTION OF DRUGS AND HANDLING
CROCODILES

Bearing inn mind the fact that none of the injectable
immobilizing or anacsthetic drugs can be used with
free-ranging animals, a method has to be found to
deliver up to 5 ml of solution to the crocodile and
inject it intramuscularly. Projectile syringes fired
from a pistol of either the Palmer (compressed CO. -
fired and percussion injected) or Paxarms {per-
cussion fired and compressed-air injected) type
have been used with crocodiles (Figs 4 and 5). No
problems have been encountered in the ability of
these to penetrate crocodile skin, provided they
strike the surface ar nearly right angles. The high
velocities of these projectiles fired acshort distances
can lead to dangers if the projectiles miss the target,
and by far the simplest and most economical
applicator is the pole-syringe or extension syringe
(Harthoorn 1976). This is made up te be about 2 m
long, in two 1 m sections of solid 13 mm aluminium
rod. A 5 ml syringe is mounted at the tip. Tt is s well
to have spare glass barrels and needles available as
these occasionally get broken.

Once immobilized with gallamine or succinyl-
choling the crocodile should be lighdy blindfolded
and the cars covered to reduce stress from sensory
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input. Whether immobilized or anaesthetised, care
should be tken arall dmes not s block the nostrils
Large crocodiles should be moved using a sirercher
{Fig. 6). They can be rolled onto the sorewcher afier
ensuring that the legs are tucked into the body ina
hackwardly directed manmer. Crocodiles should o
b bound with ropes; this can lead o restriction o
blood supply o limbs and  consequent tssue
dumage leading in extreme cases o gangreng

Drugged crocodiles should be keprwarm, but not
exposed w excessive hot sunlight. Cloacal tempera
tures cin be moniored using a thermistor or
thermocouple meter and leads, Body temperatures

with projuatile syropge. Noe il e ;l-'ln‘. wits droined before the

{ - ! X"
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gallupmime: e e crocodil

should be kept below 32°Chy use of shade, wersacks
or dousing with witer. During recovery from drugs
the crocodiles should be allowed access o cle
water which is deep enough to allow the animals o
drink

OPERATOR DANGERS

As Buvs (1973 ) has pointed out, the most impoet-
ant danger o those handling immaobilizing drugs i
accidental injection of the handler or one of his com
panions. It is difficult to mike 2 serious assessmen
of the likelv dimger should the drugs used Ror croco-
dilians be accidentally injected into o huma
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Irewrmne il s crocomhibe vang on aoserercher mode of sacks and bamboe podess Thae sl s hlindfolded o edoge siress

all cases the lethal doses for humans are
ko, and projections based on LD_ daa for
il mammals are of  dubious value, The
mergency reamment w be followed is given by Buys
=A 1, whae also lises the requirements for a firse-aid

Larze dlosages of gullamine tricthiodide are likely
be follosved by respicatory distress, Antideore
iministration  should  alwavs be preceded
pine injection (0.6-1.2 mg ). Neostigmine {(1-2.5
a1 ois then injected slowly while maintining
nfivial respiration as necessary, Accidemal in-
Stion of neostigmine methyl sulphate is likely ro be
e more seriows and distressing, Arrificial respiri-
iomust Be mainoained unel the antidote (2 mg
pine intravenously ) is effective. Aropine nuy be
oered every wo o four hours unel ool
spiraion and hearr rae are restored
There is no antidote for succinylcholine chloride
Junder no circumstances should neostigmine or
aleptics be administered (Buvs 197300 Acnificial
ssparation should be maintined unrl the succiny
dine has been broken down, which is repured 1o
Eairly rapid { Hirthoorn 1976

Menrion should be made of the dimgers attencdant
the handling of etorphine hyvdrochloride, The
anubacturers” lirermmure suggeses dur 0.2 mg is o
remially lethal dose for o human, The Viterinear:
cewgd (Yol 98, p. 371 and 373, 19761 records the
=ath of o veterinarian afer aocidental selb-injection
tthis drug while handling a foal. The dosages of up

to 50 mye required o anaestherise a 100 kg croco.
dilian would be extremely dangerous w handle. The
first-id  procedures  following  poisoning  with
etorphine are outlined by Buys (1975}
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