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Studying the behavior of Weddell seals
(Leplonychotes weddellit) at sea often re-
quires fitting the seals with electronic moni-
toring devices. To ensure reliable attachment
of the instruments, anesthetization of the an-
imals is useful (see Kooyman et al. 1980, Bester
1988, Bengtson and Stewart 1892). However,
there have been few studies on various anes-
thetics and dosages for Weddell seals.

Two prineipal methods used to induce nar-
cosis are inhalation and injection. Inhaled an-
esthetics are easy to control, but require con-

siderable equipment. This contradicts our
intention of developing a practical field meth-
od. Injected anesthetics are more difficult to
control, a disadvantage that is reflected in the
relatively high mortality rates in Weddell seals
{13-44%) reported by Gales and Burton {1988},
The main problem in the field is estimating an
adequate dose for every animal without know-
ing its condition, especially body mass. There-
fore, the drug should have a wide safety mar-
gin between intended anesthetic depth and
asphyxia. Although mortality rates of 20-28%
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have been observed using ketamine hydro-
chloride (HCH in Weddell seals (Hammond
and Elsner 1977, Gales and Burton 1988), this
drug has been recommended for seals because
of its safety margin (Geraci 1973; Geraci et al.
1981; Parry et al. 1981; Gales and Burion 1987,
1988). Nevertheless, ketamine HC| does not
induce complete narcosis, especially sufficient
muscle relaxation, so it has to be vsed with
other drugs such as diazepam (Gales and Bur-
ton 1987, 1988; Boyd et al. 1990} or xylavine
HCY (Trillmich and Wiesner 1979, Cales and
Burton 1987, Wouods et al. 1989, Buyd et al.
1990}, In addition, postnarcosis monitoring to
prevent drowning can take hours. Rapid re-
covery is desirable when working on the ice.
We tested the effectiveness of a combination
of 4 chemicals to immobilize Weddell seals in
the field.

METHODS

Our studies on Weddell seals were conducted
Drescher Inlet {72°52°8, 19°25°W), Riiser Lirsen lee
Shell, Antarclica, 1 January-22 February T \We
used ketamine HCL, whicli can be administered using
intravenous and intramuscular injection. 1 is a fast-
acling aualgetic with hypnotic properties and a large
therapeatic range {Sehmid 1980). [t cannet be de-
seribed as an anesthetic beeause it does not cause mus-
cle relaxation. Rather, it induces a cataleptoid state.
The main clinical effect is a fast onsel of sireng anal-
gesia of the body periphesy. The analgesia precedes
and outlasts a moderately deep hypnosis. The swallow.
ing reflex and breathing are not changed and the car
div-respiratory side eflects of ketamine 11CHare ntinor
vnmp:n‘vd with those of other anesthetios {leoth FISSqg ).
Nylazine 10CH was used i combination with helumine
HE to promote muosche selasation. Xykzioe HCL las
vitrious effeets on the cardiovaseulae systean inchuding
wn dnitind dnerease oo aeterial bload pressure shat i
lolfowed by a jonger Justing deerease in blood pressine.
Mareaver, a decreased hesrt rate can b observed (Booth
1988b). Diazepam is administered in mixed anesthesia
us o sedative and supplement to xylazine HCL Con-
vulsions that ocour in dogs when xylazine HCI and
ketamine HCl are administered slone can be avoided
with diazepam {Schmidt et al. 1985). Diazepam las
only minor effects on the eirculutory system, does not
lead to analgesia, and has no influence on budy tem-
perature (Bosth 1988¢). The galenic formulation is a
solution of benzyl alcobol that eannot be adininistered
together with other proparations ina usixed njection.
Atropine sulfate was used for narcosis premedication

(Baggol 1988) to counteract the xylazine HCl-induced
bradycardia (Kotata and Rawlings 1982) and the ke-
tamine HCI-induced salivation and bronehial secretion.
Secretion in salivary glands and bronchi as well as
contraction in bronchicles are reduced. Thus, the pos-
sibility of death caused by asphyxia is reduced. A fur-
ther cffect of atropine is difation of the pupil, which
may lead to retinal damage from exposure 1o the sun,
This should be avoided by covering the seal's eyes
during narcosis.

We administered doses {Table 1) well below those
previously reported for Weddel? seals {(Erickson et al.
1974, Hammond and Elsner 1977, Gales and Burlon
1988). To ealeulate the appropriate dose, we first made
a conservative estimate of the animal’s body muss. In
cuses where the dose was inadequate a second dose was
given to complele immohilization. In order 1o be within
tie therapeutic range, the second dose amounted to
ane-third of the initial application of kelamine 1€,
xylazine 1O, and diazepam. Ten mid ol ketunine H
(106 mygz/ml) waere introduced into o bottle containing
S00 g ol dry substance xylazine HCL which was
dlissolvaed in the ketamine 1LCL Piszepam was admin-
tered with w separate syringe. We gave adl injections
intrantuseidarly into e glateal regien by hand using
a 7eem caanda, wned we used daution ta svaid injury to
the periostewn, particaiarly i b animids, e de-
fivery site was controlled By aspirsting the syringe
ensure it the ingeetion way nol given intravemsnsly.
We prevented freezing of the injection solutions by
earrving U in bedy contacl while working on the
e,

Bevause of individual dilfferences in the tempera-
menl of seals, we hisd o use different methods of ap-
Hication. When seals were calmy, injeclions were given
withoul restraint; agitated seals had to be caught in o
bay as deseribed by Stiding {19606).

The indeetion time of imnsobilization was defined
as the period hetween first injection and failure of s
animal to respond o stimuli. We sulsdivided this phase
into 3 stages. The period of tine between application
of dyugs el s onarkedly reduced wwireness was des
ignated stige L Stage | ended when onr approach was
lient tolevated, Tnostage 2, Une seadomal zaised ity husacl
when we toaehed it This stage ended swheo e head
was 1 Jonger maised Shight bew movemends inoree
spote to Hotelestinuali™ were clareeristic ol stape
3D stage ended witdo the Gdfoe of Une aneoal
react Lo any stinadi. W used induction time <haration
as ant indicator of asufficient dosage. 1 the eard ol stage
3 was nol reched within 25 mindes, we gave a second
dase. The animals were then weighed using o teteapod
Usat supported a scale that could be lifted Sy a hoist.
Prusing narcosis, respiratory and heart rales, reclal teas-
perature, and corneal reflox were monitored.

Yehimsbine 1R s used as an antidote in the keta
niine G aylagine HC aareosis Booth 1988d). A dos-
age of 0.2-0.5 mg/ky bas been Feported for o vaviety
ol voo animaly (Coltenboth 1988} ngl nol fur seals, We
used L5 g Ay av an approximation Tor our eaperi
ments. We prepared the yohimbine HCY solution by
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Table 1. Dosages of chemicals used to immobilize
Weddell seals using intramuscular injection into the
ghueal region, Antarctica, 1990.

Kida: e
Atroplae  mine Kyladdne  pam
{mgshg) tngshg) {(mgfig) gyl
Induction dose ¥ 002 280 092 004
SE 001 0J% 004 001
n 2 18 13 18

Muinstenance dose £ 078 0.22 0.04
SE 005 003 002
n 7 2 2

0.02 3.1 088 004

Tetal dose £
S5 001 0% 004 001

dissolving 5 g of pure substance in 500 mi of sterite
water at 8O C,

RESULTS

We immobilized 14 Weddell seals. Fxcept
for 2 pups, all seals were adults. Within several
days, 2 seals were anesthetized a seeond time
asl 1 seal was recaplured twice. Nine seals
were drugged without vestraint, and 9 seals
(including 4 recaptures) were caught in a bag,
as described by Stirling (1966). After injection,
the bag was removed as soon as the animal did
not respond o “touch-stimuli™ as deseribed
above. Induction time (F = 14.3 min, 5K =
2.6G) and recovery time (¥ = 7.3 min, SE =
2.60} {or seals repeatedly immobilized did not
differ from those immabilized onee {duction
linse £ = B4 min, 51 =227, P = 0.16; recovery
Tine & - 80 min, 810 = 153, F  (L83(6).

Two seals premedicated witls adropine divd
dering sarcosis. Death was preceded by @ 10-
minule period of deercasing respiiatory rale
aicd ineveasing heart rate leading to respiratory
arrest, and 2 period (9 min) of decreasing heart
rate eidding in curdiac arrest. Sulwequently, we
reflrained from administering atropine pre-
medication. Without tis drug, no salivation
or bradyeardia was noted. Respiratory arrest
of 3-9 minutes eccurred in 7 cases, 3 of whicls
oceurred during induction, Beeanse respira-
Lions cotmenced spontancousty, this wis not
assessed as a complication and was comparable
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PN slage 247 stege 2 "7 stage 3
Fig. 1. Average duration of the 3 induclion stages of
narcesis i reslreioned Woddedl seals caughit ionoa bap (e
= §)and in seals Uit were dragged without restraint
(n = %). Antarctica, 1990, Standurd ereor bars (T) are
shiown on total tinwe. See test Tor explapation of in-
duction stagus.

to steep-ussociated apnea deseribed by Castel-
lini et al. (1992). The expected correlation be-
tween decreased respiratory rate and inercased
livrd rake was not observed in all cases, During
narcosis, the corneal reflex was maintained in
all nonlethal cases.

Mean induction time for seals caught and
drugged ina bag was 2.3 minates (SE = 4.00)
compared Lo 23.5 minates (1< = 3.52) for scals
drugged without restraint (Fig, 1} When we
used a bag, stages Eaaed 2 together were re-
duced by nearly HY minutes.

B 3 seads, o oseeand dose was necessary Tos
complete mmobifization. For nsastining
narcesis, sappieienial injeetions of ketaonine
HOD were necessary i 7 aeads, syfazine 111
i 2 seals, wond diszepa in 2 seals (Tabbe )
We injected o naintenanee dose of ketaenine
HCT when anesthetization lad to be prolonged
in order to attach cleetronic devices. B 2 trials
that fasted 3 hours, additional sylazine 1)
and dinzepsin were given te ensure sufficient
musche velaxation,

With yoliitbine Ol dosage of 0.5 g/ kg
(SE = 0.02), the anitmals recoverad within 8
mintes (S - 0.98) alter injoetion, The mean
duration of narcosis was 123 minutes (SE =
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13.84). Further observation of seals ensured
that they did not die because of late recurrence
of narcosis.

DISCUSSION

Previous chemical immaobilization of Wed-
dell seals with ketamine HCl (Hammond and
Elsner 1977, Gales and Burton 1988) was un-
satisfactory because martality rates exceeded
90%. One reason for high mortality may be
the dive reflex triggered during narcosis (Cales
and Burton 1088). The diving reflex may tead
to a centralization of blood circulation to the
heart, lung, and brain. Consequently, more an-
esthetic is transported to central organs, par-
ticularly the brain, and may lead to a lethal
dose. Death of 2 seals in our study did not show
such a pathogenesis. Bradycardia occurring
with the dive reflex (Kooyman 1981} was not
observed. In both cases a respiratory arrest pre-
ceded death. Respiratory depression has been
observed in dogs anesthetized with a ketamine
HCl-xylazine HCI combination (Kolata and
Rawlings 1082) and was attributed to ketamine
HC. During respiratory arrest and decreasing
heart rate, intramuscular injection of an an-
tagonist probably would be too late because of
the time required for its redistribution from
the muscle. It is difficult to puncture the in-
travertebral supraspinous vein if access had not
heen previously gained. As an option, an an-
tagonist or a strong respiratory analeplic like
daxapram could be injected into the sublingual
vein,

A new advance o come from our study was
the use of the antagonist yohimbine HCI o
reverse the immobilization, Recovery times
between 45 minutes and 8.5 hours were de-
soribed for seals drugged with ketamine HCY,
combinations of ketamine HCl-diazepam or
ketamine HCl-xylazine HG! (Geraci 1973,
Geraci et al. 1981, Parry et al. 1981, Gales and
Burton 1987). In our study, yohimbine HCl
shortened the recovery phase in seals to an
average of 8 minutes, thus reducing stress on

the animals during narcosis and saving time
during field work. The success of our proce-
dure may be attributed to the distribution of
the components of narcosis (analgesia, loss of
consciousness, and skeletal muscle relaxation}
to several drugs. This permits lower dosages of
the individual drugs, which reduce side effects
of the anesthetic episode. Moreover, by using
an antagonist, potential complications arising
during the seal’s recovery phase can be re-
duced.

SUMMARY

We anesthetized 14 Weddell seals by using
2 combination of ketamine hydrachloride
(11C1, xylazine HCI, and diazepam. Narcoses
were terminated with yohimbine HCL The
mean totad dosage/kg body mass was ketamine
311 myg (SE = 0.19), xylazine 0.94 mg (SE =
0.04), diazepam 0,04 mg {S15 = 0.01), and yo-
himbine 0.5 mg (SE = 0.02). This drag com-
bination enabled us to shorten Lhe recovery
time considerably and did not cause undesir-
able side effects, especially during recovery.
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