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k'el ~ ty rds .  W h ~ t c  r l ~ i n o c ~ r o ~ ,  C ' ~ + ~ U I ~ I ~ ~ C ~ I I I I I I  SI~)IIOPI. in~rnobi l~/at i~>n.  ctorphine, fcntanyl, xy- 
laz~ne,  detornrdrnc, dlprcnorphlne. naloxonc, naltrcnone, nalorphrnc, nalbuphrnc, pulse oxrrnetry. 

INTROI)IJ("I'ION in Z i m h a b w e  in 1991 a n d  1 9 9 2  as part  01' 

Over 140 white ( c ~ ~ . ~ ~ ~ ~ ~ ~ ~ , . -  a co~ i sc rva t ion  s t ra tegy for  bo th  black a n d  

l,4tt7 srlrlr,,rl s,t~I,o,,~ have been whi t e  r h i n o c e r ~ s . ~ " ~  " T h c r c  a r c  f'cw recent  

immobilized during tlcllnl.n ing oper.n{ inns  publ ished repol'ts c"nccming chemical  i m -  
r n o b i l i ~ a t i o n  o l ' t h e  whitc. rhinoceros, bo th  
frcc ranging a n d  c a p l i ~ e . '  " !'.': In 1993: sig- 

Fronl the of National Parks and Wild nificallt capturc and 
~ i r ~ ~  p.0. uo,\ CY 140, ( l l a r  m c ~ i d a t i o n s  Tor 111 is s p c c i c s  w c r c  p u b -  

:in.. Z~mbabwc (Kwk. Atkrnson): Internattonal Wild- lished." Howcvcr .  ~ 'CW repor t s  s ince thc. 
llfc Vctcrlnary Scrv~ccs. 1850 N. Ma~n Streel. Sallnas, 1960s  have  critically cvaluatcd the drugs 
Culifomla 93906. IJSA (Kock, Morkcl); tllc Vrterlnary USed,~.7-~o,r+r~,~~~.::.~~ 
Rcscarch Lahor;~cory. Wildl~lk Unit, !'C) Ilox UIOI. 

a n d  established mixtures  

~ s u w w a y +  H ~ ~ ~ ~ ~ ,  znlbabwc (hgg ln ) ,  and capture have no1 changed for decades."  dc -  

Unlt. Natronal Parks Board-So~~them Parks, krnbcr- h o m i n g  ope ra t ions  in Z i n ~ b a b w c  h a v e  a / -  

ly. South Afnca (Morkel). lowed the  critical eva lua t ion  of several drug 
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combinations uscd for chemical iriimobi- 
Ilzation. In this report, we evaluatc etor- 
phine alone and in combination with fen- 
tanyl. xylazine, or dctomidine with regard 
to induction timcs, quality of anestliesia. 
and the cf'ccts ofvarious tfrug cornhinations 
on pliysiological and biochemical measurc- 
mcnts indicative of strcss. A mixed agonist- 
antago~iist opioid and a long-acting purc 

(all adults) were irnrnobilircd with etor- 
phine (2.03 + 0.06 nig) and fentanyl (29.2 
1 0.8 nig), 60 animals (all aclults) wcrc im- 
mobilized with etorphine (3.9 i 0.15 mg) 
and detomidine ( 1  3.1 ? 0.43 mg), and 12 
an~rnnls (calvcs q 3  yr old) were irnmobi- 
lired with ctorphine alone ( l .  16 + 0.28 nig). 
To counteract postinduction respiratory de- 
pression, several drugs were utilized, in- 

opioid anatagonist were also evaluated. cluding nalornhine hydrobromide (Nalor- 
p h i n c j 0  nlg/ml, ~aborator ics ,  Bcn- 

h1ATERIAI.S AN11 k1ETHODS 1 . 0 s ~  2094, South Africa), nalhuph~nc hy- 
Whitc rhinoceros of various ages were drocliloridc (Nubain. 10 &ml. Roots ('d.. 

immob~lized in Hwangc Nat~onal Park (NP) Isando. South Africa), and dopram hydro- 
( t t  = 110). locatcd in North-West Matabc- chloride (Doxapram, 20 mg/ml, Continen- 
leland (1 9%. 26.5"E). and Matobo NP  ( ) I  = tal Ethicals. Port Elizabeth. South Arrica). 
3 1) (20.5"s. Z8.S0E) locatcd south of the city Projectile syringes were 3-4 nil in volume 
of Bulawayo. with 47-611-mm collnred nccdlcs. Both bev- 

Animals wcrc darted in the early nlorning elled and nonbevelled needles were used (D. 
or thc late afternoon, dcpcnding on the L. Tranquillizer Systems, Fenny Rcntley, 
weather conditio~is and ambient Irmprra- Dcrbyshire. U.K.. arid CapChur, Palmer 
ture. Animals wcrc located ilsitig a cornhi- Chemical and Capture Co.. Douglasville, 
nation of ground tracking, fixcd-w~ng air- Georgia 30 134. USA). Nonbevelled nccdlcs 
crafi, and helicopter. Twcnty-three anirnals wcrc prcfkrred when daning from a heli- 
were darted by pcrsonncl on foot, and I 18 copter because tlierc was lcss chance of de- 
were darted from a helicopter. flection with angled shots. Because of thc 

All animals were darted with a mixture thick skin of the  rhinoceros, sufficient power 
of ctorphine (M99.9.8 or 4.8 mg/ml, C-Vet was needed fbr the needle to cut through the 
Ltd.. Bury St. Edmunds. I1.K.) and fentanyl skin into muscle. Therefore, a bevelled nee- 
(Sublimare. 40 mg/n~l,  Ethnor Ltd., Half- dlc was preferred for ground darting. On  
way House. Rcpublic of South Africa). ctor- several occasions, partial penetration oc- 
phine and xylazine (Rompun. 100 mg/ml. curred. resulting in s.c. injection of the im- 
Baycr, Lcvcrkusen, Germany). or ctorphine mobilizingd~ug, duc to a insufficient chargc 
and detomidine (Domcscdan. 10 mg/ml, in the projectile gun or  poor distancc csti- 
Ciba Cieigy Ltd.. Stccl Road. Spartan 1620. niation. A compressed air rifle (D. L. Tran- 
S o ~ ~ t h  Africa) or with ctorphirle alone. Hy- quilliser Systems) with a rcd dot point scope 
aluronidasc (Hyalase, 1,500 JU/vial. Dou- or  a powder charge rifle (Pneu-Dart. Model 
gal Morton. University of Zimbabwe. P.O. 15 I C. P.O. Rox 14 15. Williamspon, Pcnn- 
Box MP 167. Hararc, Zimbabwe) Wiis mixed sylvania 17703. USA) with a convcnt~onal 
withal1 drugcon~binations. Immobilization V-sight were used to propcl the projectile 
was reversed eithcr with a combination of syringes. Most rhinoceroses immobilized 
~ialoxoric (;.v.) (50 mg/ml, Wildlife Labo- from the helicopter wcrc darted in the dorsal 
ratorics. Fort C'ollins, Colorado 80525, thigh/rump arca; those on the ground wcrc 
USA) and diprenorphinc (i.m.) (M50-50, 12 most often darted in the neck/shouldcr area. 
nig/ml, C-Vet I-Id.) or  with naltrexone (i.v.) Ground darting of subadults or calves was 
(50 nig/ml, Wildlife Laboratories). Fifty-six carried out using either 2-m1 Pneudarts 
animals (all adults) were immobilizcd using (Pncudart Inc.) with 38-n1n1 collared nee- 
a combination of ctorphinc (4.2 ;t: 0.1 1 mg) dles or 2-3 m1 Palnicr CapChur (Palmer 
and xylazine (123 _+ 4.7 mg), 13 anin~als Chemical arid Capture Co.) darts with 3- 

X 45-mm barbed nccdles. Becausc the rintihiotic ointment (Orbenin, Cloxacillin, 
Pncudart could bccome plugged with s k ~ n ,  Rcccham Pharm.. Isando, South Africa), and 
the CapChur darts werc considered morc long-acting penicillin was administered i.111. 

(Tricil, Caps Veterinary. I.iarare, Ziniba- 
After the animal was dancd, the fixed- bwe). Dehorning, utilizing a 13-inch gaso- 

wing aircraft or hclicoptcr hllowcd thc an- line-driven chainsaw, con~nicnced soon afl 
imiil, anti if trackers or  a ground crcw were ter rccunlbency oncc the animal was con- 
closc. thc) werc directed towards the rlii- sidcrcd stable. Ear tagging and notching, 
noceros when slgns of d~.ug ctfect were no- painting (with white acrylic house paint) a 
ticed. Oncc induction bccame evidcnt. the number on the rhinoceros's back fur aerial 
pilot located a suitahlc landing ronc and the identification, and transponder placement 
trackcrs were not~licd by radio when thc (s.c.) in front of thc lcti car (Trovan, Passive 
animal was in standing scdatiori or rccum- Transponder System, AEG Telefunken, 
bent. .Aficr the ~~liinoceros becamc immo- Frankfurt, Germany) wcrc camed out. and 
bilc (either s tand~ng or  recumbcnt). a ropc on I2 an~ma l s  a radio collar (Telonics Inc., 
was util~red to  sccurc the animal. With Iargc Mcsa, Arizona 85204, USA) was placed. 
bulls. a further 0.5-1 mg of etorphinc was The cut horn base was painted with 
atlministcred by hand-held syringc (i.m.). Stockholm tar (except on cows with calvcs 
Stcrnal recurnbcncy was prcfcrable, but i f  c2 ),r old). and the immobilizing agcnt was 
the animal was lateral i t  \bras often impos- rcvcrsed with an opioid antagonist. In 199 1, 
sible to move the aninial to a sterna1 posl- naloxone was adm~nistercd ;.v. at a dosc 
tion with the Ilmltcd pcrsonncl available. rangc 01-25-75 mg with 6-18 rng diprcn- 
Once recunibcnt, eye ointmcnt \vas applicd orphine 1.m. (naltrcxone was not available 
(Bacitracin-neoniycin-polymyxln ophtlial- in 199 1 ). In 1997, naltrexonc was admin- 
rnic ointn~ent,  Atlanta (Pl~arniailcrm). Mcl- istered at a dosc of 25-1 25 mg (approxi- 
villc. Neu  York 1 1717, USA). a bl~ndrold niatcly 12 mg naltrcxone/l mg M99) i.v. 
was placed, physiological data and body and Blood samples werc collected soon after re- 
horn nieasurements were obtained. h o n ~  and cumbency, and biochemical values (corti- 
face protilcs were photographed. and blood sol. creatiric phosphokinase [CPK]) were 
samplcs and other biolog~cal data wcrc col- determined and validated as previously rc- 
Icctcd. I 'o  exaniinc the ef ic ts  of' immobi- ported.I7 
lization on physiological parameters. a re- Data were analyzed using a statistical 
search project was implemcntcd to evalilatc graphics program (Statgraphics. Statistical 
the field application of pulsc oxirnetly in Graphics Corp., Rockville, Maryland 20850. 
rhinoceros (Allen and Royce. unpubl. data). USA). All data are presented as mean i 
Animals were routinely monitored with standard crror of the riiean (SEM). Signifi- 
pulse oximetry (N-10 Pulse Oximcter. Nell- cant ditfcrcnces in samplc results werc an- 
cor. Hayward, (:alifornia 94545. USA) in alyzcd using an analysis ofvariance. All data 
1992. Thc most reliablc and accessible lo- were evaluatcd tbrdistribution patterns. In- 
cation for the pulsc oximeter transducer/ duction t i n~cs  and CPK and cortisol valucs 
sensor was the ear: preparation involved wcrc distributed log normally and tllcrcfore 
scraping both sides of thc car (with a scalpel werc log transformed for statistical analy- 
blade) close to tlic lower border until citr- scs." 
tiladgc was sccn. A clip transducer/sensor .l'otol induction time refers to tlic time 
was then applied aftcr hemostasis was fro111 dart impact to when thc animal be- 
i~chieved. In 1992, nalorphiiie (10-20 mg) camc immobile, including both recumbcn- 
or nalbuphinc ( 2 W O  rng) was given i.v. as cy and standirigscdation. Tractability refers 
a standard procedure soon after imniobili- to the degrcc ofopioid sedation and. thcrc- 
ration. The dart wounds were trcated with fore, tlic ability of the capturc tcam to safely 
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Table 1. Valucs* for 1nduc11un tlrnc, dlstarlcc ~l lu \cd ,  'and tu~al  ~rnmub~l~rat~trn t ~ m c  and phys~uluglc~l and 
b~ochcl~llcal data for d~flercn~ d~ugcomb~nat~ons used to chcm~cally ~rnnlobll~/e w1111c rl~~nocc~os (C'~I~JIIJI!I<,~IIIIII 
~IIIJUIII) In Hwange and klntohn Nal~onal Parks. Z~rnhahwe, 199 1 and 1992 

Induction (min) 
D~starlcr mu\ rd (Lm) 
Total down r~nlc 
Pulse (beats/rnln) 
Resplrar~on (hrearhdrn~n) 
Temperature (T) 
CPK (IU/L) 
Col-tlsol (rgldl) 

Etorphinelrylazine E t o r p h ~ n ~ / k n l a n y I  E~orph~m./dt.tomidinr 
(11 - 56) ( n  - 13) ( 1 1  - 613) 

6.8 0.6 7.4 f 1.3 5.6 + 0.5 
0.61 2 0 . 0 5 ~  l .? i 0.175. 0.51 * 0.061 
41 7 3.7 32.7 2 3 6 3 7 2  + 2  

l l0 ? 2 . 9 ~  1 15 + 5 . 6 ~  84 4 4y 
10.6 i 0.47 9.6 L 0.8 10.5 L 0.41 
38.1 r 0.15 38.3 L 0.3 1 37.9 -+ 0.15 
lStl+11.51( 1 7 2 ~ 2 4 ~  135 t l l y  
1.89 1 0.1 4x 1 77 L 0 . 1 2 ~  1.81 1 0.31~ 

blcnr~s ( iSEM).  V ~ l u e %  I n  .I row w ~ t h  d~tlcrent le11cr5 (k ,  y. I )  drc s~gnlhcanlly drlfercn~ (I' . 0 05)  

handle and carry out procedures on the rhi- 
noceros. Total down tinic rcfcrs to the tinic 
between dan impact and return to standing 
position. Reversal time refers to the time 
bctwcen administration of thc opioid an- 
1:lgonist and return to st;~nding position 

RESULTS 

Of the 14 1 rhinoceros immobilized. 1 2 1 
were adults, 10 wcrc subadults, and 10 wcrc 
calvcs ( c 3  yr old); 70 were male and 71 
fcniale. 

Table 1 and Figures I it11d 2 show results 
of the immobilizations. Tlic mcan induc- 
tion time for all drug con~binations used on 
white rhinoceros was 6.4 f. 0.37 rnin (me- 
dian = 5 min). ?'here was no statistically 
significant difference in induction times 
among etorphine/xylazine, etorphine/fen- 
tanyl, ctorphinc/dctoniidinc. and ctorphinc 
alone (P > 0.05). although etorphine/dc- 
tomidine consistenlly produced a smoother 
induction. Comparison of Hwangc NP data 
for 1991/1992 with Matobo NP data rc- 
vcalcd a marked improvement in induction 
times (7 f 0.46 min vs. 4.3 f 0.25 min. 
respectively) for the Matobo operation. 
Thcrc was a significant difference in the dis- 
tance animals niovcd bctwccn tllc dr t~g 
cornbinations (etorphinc/xylazinc: ctor- 
pliinc 0.6 1 f 0.05 km, Ir = 41; etorphine/ 
detomidine, 0.51 _t 0.06 km, n = 45; etor- 
phine/fentanyl: 1.2 _+ 0.17 km. n = 12). 

possibly reflecting a more rapid develop- 
mcnt of incoordination with ctorphinc/xy- 
laz~nc or etorphinc/dctoniidine. Induct~on 
In wh~te rhinoceros was characterized by 
iiici.easing incoordinatio~i with an occasion- 
al high-stcpping gait. Tlic dcvcloplnent of' 
signs was not as abrupt its secn with the 
black rhinoceros. Many animals bccamc 
ininiohilc simply bccausc of inability to nc- 
gotiate an obstacle (tree. incline). Large bulls 
ofien managed to remiiin on their feet i\nd 
could be roped and held in standing scda- 
lion prior to proccssi~ig. 

In 199 1 ,  white rhinoceros were rccum- 
bent for an averagc of 4 1 L 3.2 min (range 
= 16-150 rnin). In 1992, combining data 
frorn Hwange N P  and Matobo NP. rhinoc- 
eros wcrc recumbent for an average of 38.7 
+ 2.5 min. a slight improvement from 199 I .  
('omparisons bctwccn Hwangc NP (39.9 + 
2. I min. 1991/1002) and Matobo NP (20.8 
f 1.6 min, 1992) demonstrated increased 
clficiency in the Matobo operation. Rhi- 
noceros wcrc morc acccssihlc at Matoho NI' 
than at Hwange NP. Combined data for 
199 1/1992 froni both parks rcvcalcd a down 
t1meof37.7 + 1.7 rnin (rilnge = 4-1 50 min). 

Physiological paranlctcrs were ~nonitorcd 
in thc majority of'rhinoccros (Tablc 1). Thcrc 
were no significant di&rences in body tem- 
pcl.ature and respiration, hut t1ic1,c was :I 

signiticantditfcrcncc in pulse rates (P < 0.05) 
between animals given etorphine/detomi- 
dinc and those giver) other drug combina- 

KO( K FT AL -WHITE RHINOC'FROS IhIMOllll 17Al'lON 
21 1 

8 0  

INDUCTION TIME (MINS.) 
1:igurc I ,  Induction ti~ncs for w h ~ t c  rh~noceros (Cerc~r~rhcrr~trl~ J I I I I I I I ~ I  srnr~o?l) chcmimlly immobil~zcd with 

cu~r~b~~lat~onr of e turph~nc  w ~ t h  Iii~~!anyl. ' r y lu inc ,  and d r t o r l ~ ~ d ~ n e  or with ctorphinc .llunc In Hwange and 
blallrho National Parks. Z~rnbatrwc. 1991 and 1992. 

tiolls (Table 1, Fig. 2). A11 drug conibina- illion. Pulseoximctry ohscrvations nliidc on 

tiorls resulted i l l  rcspiralory rates ranging 12 immobili7.cd (etorpliine/detomidi~ie) 

fronl 8-1 2 b r ~ a t h s / ~ i n ,  but respiration was white rhinoceros rrvcaled that the Sau, 

shallow and produced inadequate oxygen- would consistently range bctwccn 40 and 
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DRUG COMBINATION USED 
Figure 2.  No~chvd box and whlsker plot< displaying pulse data (kals/m111) for while I hinocc~os ~ r n r l l ~ ~ b ~ l ~ r c r l  

w ~ r h  comblnatlons of crorphlne with icn~anyl.  \ y l a ~ i n c ,  ur  dctom~drrlc or w~r t i  ctorph~rrc alone I.he hor~~ontel 
l ~ n e  segmc~il wlthin the box IS thc med~an. The 11o1l-hcs pro\.plde nn approximate 95%1 resl of the n t ~ l l  hypolhesi\ 
Ihat llic lruc median, are cqual. Tllc wll~skcrs represent the tails ofthe dis~ribution, and outside values (*) arc 
co~isldered oulliers 'Thcrc IS a s~gn~ficanr d~fcrencc  In pulse ralo bclwcen eIorphrnc/dctonl~d~nc and the ollicr 
dn~g  comb~na~~ons. 
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60%) (.T = 55%). Tlic respiratory rate rangcd 
from six to 10 brea~llslmin and heart rate 
was 60- 100 beats/rnin (Allen and Ucyce, 
unpubl. data). Tlic use of 10-20 mg nalor- 
pliine i.v. soon after immobilization con- 
sistently improved thc Sao, by r20°/o. 

In 1991, reversal tlrne following admin- 
istration oC tllc opioid antagonist \c8ilS 93.7 
+_ 7 sec and rcRected tlic speclfic antagonist 
properties of ni~loxonc (64 _+ 4 mg, tl = 56) 
administered ].v. (combined with dipren- 
orphine 1.m.. 12.4 + 0.7 nig. tl = 54). De- 
spite this rap~d arousal. reversal was often 
incomplete or animals showrd c\.idcnce of 
renarcot~zalion scveral hours after adrnin- 
istration of the anti~gonist. Animals were 
noticed to be wander~ng or sleeping. with 
difficulty in arousing individuals whr~ l  
buzzed from tlic helicopter: no additional 
antagonists wcre given. The use of naltrex- 
one (70 f 2 111g. rangc = 25-1 75 mg, 17 - 
68) resulted in an average rcvcrsal timc of' 
92 L 5 sec ()I = 70), and most notahlc \vas 
the quality of reversal. Animals responded 
to immobilization rcversal s~iioothly and 
consistently (within 90-1 00 sec) and werc 
alert, and thcre was littlc evidence of rcn- 
arcotization, although some lack ol' alert- 
ness lias bcen noted c l se~herc .~ '  

Evaluation of tlic literature ( 1  97 1-1 993) 
rcvcals a lack ot'detalled analyses and ap- 
praisal of drug combinations used on tiee- 
ranging whitc rhinoceros, especially fbr ex- 
tended ancsthesia. although a dctailed de- 
scrij>tion of whitc rhinoceros immobilixa- 
tion and rnarlagcmenl lias rcccntly been rc- 
p ~ r t e d . ~ '  

During the early cxperirnental dehorning 
program with white rhinoceros in Hwange 
NP," it becanie apparent that dehorning, 
with the collection of ancillary research data, 
required total down tirncs of 30-40 rnin 
(Tahlc I). Immobilization of whitc rhinoc- 
eros in large numbcrs in 199 1 allowed tlic 
evaluation of currently rccommendcd drug 
combinationsbnd ncw combinations. Drug 
combinations used were etorphine and xy- 

l a ~ ~ n c  (H - 45), e~orphinc and fentnnyl (!I 
= 13), etorphioe and detomidinc (11 = I), 
and rtorph~nc alonc ( ) I  = 12). Hyaluroni- 
dase was ni~xed with all tlic different drug 
combinations to reducc induction 1irnes.I' 
Whcn hyaluronidase is used, whitc rhinoc- 
cros stop nlov~ng more rapidly (2-3 min) 
because of' ~mproved drug absorption, al- 
though rhey will stand and may only bc- 
co~iic recumbent in 4-6 min. 111 this study, 
the average ~riduction time for all drug com- 
b~ns t~ons  (199 1 and 1992) was 6.4 2 0.37 
min (median = 5 min). This rcsult is in 
marked contrast to recent information and 
reconimendatlons made by others2' that in- 
duction times of c6 min constitute a po- 
tcntial anesthetic emergency. In  fact, in field 
work in Zimbabwe, failurc of a white rhi- 
noceros to show signs and become recuni- 
bcnt In approximately 6 min is considered 
a poteritial ~woblcrn. The rcst~lts fjom 199 1 
suggested that the etorpliinc/xylazi~ie coni- 
binatton was supcrior for induction ofwliitc 
rhinoceros (smooth and short time to first 
slgns) and p;.ovlded good muscle relaxation 
during rccurnbency. Thc initial doses of 
etorphine (4-5 mg) and xylazine (1 50-3C)O 
mg) provided rapid induction and ancsthc- 
sia, characte~.izcd by a nornial (under the 
c&ct ofetorpliinc) range of respiratory rates. 
Shlrleen an~mals were immobilized with 
elorph~nc (2 nig) and fcntanyl (20-30 nig), 
il combtnatlon recomnicnded by Natal Parks 
Board (NPB).'" This combination pro- 
duced rap~d and smovtll induction, al- 
though not as consis~ently as thc etorphine/ 
xylazinc mixture. Most rccurnbent animals 
appcared rrlaxed, hut some showcd pad- 
dling movements, muscle trcnior, shiver- 
ing, and swcating and pulsc rates were oftcn 
rapid and bounding. One animal received 
etorphinc (4 mg) and detornidine (20 mg), 
and although ~ndrlclion was rapid, ancsthc- 
sla was chnmcteri7cd by paddling and mus- 
cle ngid~ty. Bccause this animal died just 
prior to reversal. this drug con~bination was 
riot used again in 199 1. Etorphine alone wits 
used to immobilize young calvcs and somc 
subadults (0.5-1 mg), resulting in a rcla- 
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a result of rapid induction. abscnce of pad- 
dling, and good niusclc rclaxation. This re- 
sult has been seen with modifications ofdrug 
dosages used on tlic black rhinoccro~.~' Cor- 
tisol valucs wcrc significantly higher In calves 
and subadults immobilized with ctorphinc 
alone. Young nnirnals havc a tcndancy to 
become excited. cspccially after their moth- 
ers have bccn imniobilized. Ground darting 
of thcsc young animals, next to thcir moth- 
ers. is camed out with nlinin~al disturbance, 
but stress is expcrienccd prior to immobi- 
lization, as has been reportcd with black 
rhinoceros subadults and calvcs.l7 With 
adults, positioning appeared to be impor- 
tant in reducing paddling and muscle treni- 
ors; stcrnal recumbency until complctc rc- 
laxation occurs is prcfcrablc. 

With large adult bulls. a dose of 4.2 mg 
etorphinc combined with 16 nig dcton~idinc 
produced good anesthcsia, but tlic hcad was 
often held up with sonic rigidity of  he neck 
muscles. For example, by adding 5 nig dc- 
totnidine I.V. (total dose = 20-22 nig) thcrc 
was a noticeable rclaxation in thc head stance 
in one large bull. Manipulation of the etor- 
phine dosc in sonic animals froni 4 rng to 
4.2 mg, while maintaining the sedativc dosc. 
produccd noticeably significant changes in 
quality of anesthesia. An incrcasc of 0.2 mg 
etorphine resulted in poorcr muscle relax- 
ation and increascd hcad shaking and jerk- 
ing, with dchoming which made [he de- 
liorning operation more difficult. A reduc- 
tion of 0.2-0.4 mg etorphine rcsultcd in a 
signilicantly Inore rclaxcd animal. Addi- 
tional doses of ctorphine administered to 
an immobilized captive white rhinoccros 
cxaccrbated muscle trembling and ccntral 
nervous system cxcitcnicnt." Elsewhere in 
southcrn Africa, midazolam (Dormicum, 
Roche Laboratories, Isando, Kepublic of 
South Africa) has bccn administered ;.v. (20- 
40 nig) to white rhinoceros whcn musclc 
rclaxallon has been poor and has produced 
excellent rclaxatiori and may be ;I useful ad- 
junct to ctorphinc/dctomidine ancsthcsia 
postimmobilization in the whitc rhinoceros 
(Morkel. pers. obs.). 

Reversal of ctorphinc with its standard 
opioid anatagonist agent diprenorphinc of- 
ten results in incomplete antagonisn in thc 
white rhinoccros" and use of nalorphine (up 
to 250 nig) has been recommended.With 
diprenorphine, rhinoceros oftcn arc dc- 
pressed, wandcr aimlessly for scvcral hours. 
and do not rcspond well to adverse stimuli. 
Thc reason for t h ~ s  partial antagonism is not 
clear (diprenorphine works well with the 
black rhinoccros) hut may bc related to the 
fact that dcprcnorphine is not a pure opioid 
antagonist i~nd  has agonist propcrtics. 
Opioid recycling may bc a contributory fac- 
tor.' Complctc antagonism is Important, es- 
pccially whcn dealing with cow/calf com- 
binations. Young calves (< 12 1110 old) arc 
vulnerable to predation by hyenas (C'rocriru 
crocura) and lions (Panthrri~ Ico) if sepa- 
rated froni thelr mothers. If either niotlicr 
or calf is unable to respond to a thrcat due 
to partial na~.cosis, tlicre would be a high 
risk oftliccaIt'being killed and/or the tiiothcr 
injurcd. Naloxone produced a sniooth and 
rapid reversal in the wliitc rhinoceros. but 
its short half-lifc, combined with problems 
associated with deprenorphine reversal (;.C.. 
rcturn of sedative effects), resultcd in in- 
complete antagonism with timc in a signif- 
lcant number of rhinoccros. In 1992, nal- 
trexone was evaluated as an antagonist for 
etorphine. Likc naloxonc. naltrexone is a 
pure antagonist. producing complele revcr- 
sal of thc opioid effects. The advantagc of' 
naltrexone is that the half-life is 12-24 hr. 
It should therefore prevent opioid recycling. 
with less chance ofconiplications with cow/ 
calf combinations. Between 50 and 75 rng 
ofnaltrcxone i.v. was adequatc for rcvcrsing 
4-4.5 mg of etorphinc (approximately 12.5 
mg naltrexone to 1 mg etorphinc). On oc- 
casion, 125 tiig was givcn. but the results 
wcrc no bcttcr than those for lowcr doscs. 
In some white rhinoceros givcn naltrcxonc, 
sedative signs may rcturn." It is unclear 
whcthcr this is due to efTecIs ofdetoniiciinc 
(when used in combination) or to rcnarco- 
tizalion. In Matobo NP. thc average rever- 
sal time using naltrexone was 104 k 7 sec 

(rilngc - 55-21 5 scc, tr - 31), with a rcvcrsal darting frcc-rang~ng aninials without air 
[imc t'or rhinoccros in both parks of 92 L support orcxpcrienced Irackcrs. Inability to 
j sec, tt = 70. The time to arousal was very locate an ~rnrliobilizcd white rhinoceros 
consistcnt (90-100 scc). which was impor- within 30 min may predispose tlie animal 
lant with cow/calf' combinations. The calf to hypoxia and cardiovascular collapse. 
was always givcn the reversal agcnts 20 sec I n  light of these ficld rcsults. a dose rate 
before thc mother, which cnsurcd that thc of 3.0-4.0 111g ctorphinc (subadult to largc 
calf stayed near thc mother and they both bull) combined with 12-30 Ing dctornidine 
left the scene together. If the mother was and hyaluronidase (1.500 IU) is recom- 
aroused before the calf she would leave the nicnded for the chemical immobilization of 
scene without the calf, especially if the re- the white rhinoccros. Large bulls may re- 
versal was incurnplctc and the cow was dis- cluire supplcmcntatio~i wit11 etorphinc (0.5 
orientated. nig) on the ground. A standard protocol 

should involve tlie administration of 10-20 
mg nalorpliinc (or 20-40 mg nalbupliinc) 

C'ONCLLTSIONS 1.v. as soon as poss~ble after recumbency, 
Critical evaluatiorl of various drug com- whicli will counleract respiratory depres- 

binations used to chemically inirnobilizc sion and hypoxemia. resulting in an increase 
white rhinoceros during a consert.ation de- of at least 20nh in Sao: within 5 min. This 
homing program In Zimbabwc has enabled protocol will not result in arousal. and the 
1nol.c specific reconilllerldations to be madc quality of anesthesia will rcniain excellent. 
as to choice ~Sdrugcombinations. Although Mida~olam ( 2 0 4 0  mg, ;.v.) may bc indi- 
etorphine/xylazinc. clorphine/fcntanyl. and cated an adjunct to eto~~phinc/dctonii- 
etol.phinc/dctomidlne product similar in- dinc when ~mproved musclc rclaxation is 
duction times, the imrnobil~zat~on with rcqu~red. Reversal of thc opioid with 50- 
ctorphine/delonlidine appeilrs to be 75 mg naltrcxonc i.v. is recommendcd. It 
smoother and more rapid. If tlic immobi- may be ncccssary to consider using 100-1 50 
l i ~ a l i ~ r l  is to bc quick ( c 3 0  min) and easily mg naltrexone to prevent S O ~ I C  of the sed- 
reversed, all combinations could be rec- ativc signs seen after reversal. In any case. 
ommcndcd as efTectivc and safe. 1 Iyoscinc rcvcrsal tlme will bc consistcnt, and reversal 
mixcd with the opioid, as recommendcd by wlll be complete. 
the NPU. does not appear to be neccssary. 
and its use qucstionablc.' '"'" A higher dose .,(. ,,o,,, led R,,l We t,,c Director, 
of etorphinc cnsures smootli and rapid in- Dcpanment Nallonlil I,arks alld 
duction in the white rhinoccros, reducing M~~~~~~~~~ ( I > N ~ W L M ) ,  for pemisslon to 
Stress and chances of  trauma, but partial publish tllis paper and for his stipport ; ~ n t l  es- 
antagonism or thc opioid must bc carried pactally Mr. liowati Martin (DNPW1.M) for his 
out to ensure adequate osygcnation during continued support. parlloularly undcr severe 
prolonged immobiliration and recumben- constraints. We thank and acknowledge nil the 
cy, ?'he quality of ancsthrsiil with ctor- perx~nnel whoass~stcdinthcrrv;lriousci~pac~~les 

phinc,detomidine especiall regards 10 niakc the dehorning program a success. 1111- 

muscle relaxation. tractab,l,ty, alld pulse mobili7a~ion and dehorning of white rhinocer- 
rate,  to that of tl lc  other corn- OSCS in Hwangc and MnrObo parks 

would not have been posstblc without the finnn- 
b'natiolls, c s ~ c c i a l l ~  for I'ro'o"f4ed "'m'- clal  support of llltcrnational wildlife ~ ~ t ~ ~ i ~ ; ~ ~ ~  
bilization. All drug con~binations produced ~ ~ ~ ~ i ~ ~ ~ ,  Bass F ~ ~ ~ ~ ~ ~ ~ ~ ~ ,  Sylvanus 
dcgrers of cardiovascular and respiratory table Trust, Friends of <'onservation, WWF In- 
SyStCtll compromise. evidcnccd by 10%' Silo,. terni~lionnl. Internatiollal Black Rhino Founds- 
High doses of ctorphinc and detornidinc lion. Kyle Good. Colulnbus Zoo. EleFriends 
should be used with caution whcn ground- (Australia), and Lighthouse Films (UK). Spc- 
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