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ATSTRACT

lmmunocontraception has heen succesaful n controliing free maming cquids; however,
what is the potential for the immurecenitacentive coatol of the Africon elephant (Lamudints
pfricnany? The pescine zoin pellacido (pZF plycopoeieins dhare anbgenie damains with the
African clephant roma pellucida (elfl glvcopsatzins, and anti-zima peliucida senim antibodies
have been soccessfully stimulated. To determine the cross-reactivity of the pEP and elZF,
immimocytochemistry was cvalested by fzbt and electron rscroscopy. . Specifically, the bindimg
of pelvclonal antibodies against bedal beat-solubilized-porcine zemi nelluciida to fixed clegphon
ovary seclions was evalumed, The 7P ol pricmary, scooadary and fettiory folircles was
recognized by the rabbir-ant-pP serum, bat there was no sppareal reeognition of the primandial
follicles. The abiline of unticp?P antibedies to recognize the elZP demonstrates hat there i=
mokeruler bostsology beoween the pEP und )28 glycoproceins, This homology mukes the Alrican
elephant o comdicate for pl nummoccotraceptian, Thres: aplive clepbants were wpecinaced with
400 pz pZP with & synthetic tnehalose dcorynomycolye (5 TODOM) atjuvant.  The elephants
received 2 boosters of G0 g pEP al A wk apd 10 mo affer the primary vaccimation.  The
vaccinaled leruale clephbapts developed signifscant (<005} titzrs to over prevaccinalion
levsls, Thess levels pemisted foe 12 tol4 mo after the thind veocination.  This prefiminary evidence
akyowyq that this femals elephant cim devikop significant serum mrihody levels o pil". These vels
of rtihodies ane comparable 1o thoss requinst in borses. for successiul immmaecsmirceplim
Thuss, porine zonn pellucida bnmemoootraception might be wel o conirol clephant papatmtions,
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INTRODCETION

The density and mortality rtes of pepalatioos of e2zphants in Africa vary greatly (151, 1o
the Reputiic of South Africn. n eombmation of pood park asansgeasnl =nd vimually no pooching
bz Jed toon minmmwn of 5% per aiwnum clepliant slation growth (43, In E990, the Conventiamn
am Inlemiaticna] Tride in Eodnngered Specics 1 prooalgated o ban on ivory rading,
capsing concerned members of the pablic w Fons world ottention on the phight of the African
elepheme, - Publiz imvolvement and the mflow of fnancizl suppon bave Jed o desrenss:d poaching in
aotme Afrcan natieas (17, The high elephont deasities in Emger Naticaal Park lave coused
concem over habitat deatrectlen.  [n conjonction with the South Africon Mational Packs, an
rveasti pution wag uniderizken (o determine if the porcine rona pellacica (p" glycoprmieing have
shared dederminants with the clephant zoea pellaceda (elaP.

T date, pfP hos been shown o be a highly vemsacle Immeiocem raceive malecule.
Injection of total bear solubilized p2 oo lasies resulted in contraception (L1, 12, 24), The
inniehcombracepdive effect wswlly bnels for 12 mo and hos been effective moredocing fertaliny of
free-soaming horses 05, 61, The vaccins appears 10 be devoid of any major side effecrs (51, The
1R vaccine his heen used for more thon 8 7 in harses, with ro adverse reactions; nveeoves, U
vaccie does aol affect te fias OF pregaant mares (33 Further, immuneeytechemistry with rabbit
anii-pfF m]}*;;.‘u-na] ancibodies exhibited no cross-reaction with the brain, beart. long, Ekdney,
liwer, bl , stoinach sinadl tniesline, lacge iobestine, skeledal masele, skin, spleen, PrErEas or
Ivmph oode of horses and dogs.® Western Blots with anti-pEE polvelonal seram also revenkad no

Pt lalde cross-reactivily wilh egquine luleiriving bermons (LD o egoine chorionic gonndocrooin
(=G],

The p&F has been shown 1o hove cross-reactivity with the rona pellecida of maoy species,
meloding hareans (190 oee (210, rabbits $000 23, houses (12, 13,240, dega (1. 13, 14), sguimels,
mmbkeys (227 ancl S0 species ol wooamnmnis {3, & 90

T o al this Sludy wias Loy detarmmine il el EF has shared determinonis with the p?.'P. i
the binsis of this evidence, the philiny of 0 pfP imnwnocoatraceprive to produes s in adult
(erile ¢|E|:I|'IHI1H was alwr exnlored,

MATERLALS AND METHOIXS
Fination of the Eleplsnt Ovane

Flephant avarian Hssues were cielinla 340 5 mm? hlocks with o wipribe soipel sind placesd
nta each u:n?l:bn following fxatives: Bonin's, nevtral-boffered formalin and glutaraldcbrde. The
fired sanpled was procedsed using e followlsg methods, Tl daswes fized dn Bowns and 1
neatral-bafferad farmalin wers embedded m parnffn, wherens the tissues in ginmmraldebyde wers
citibedded in plastic.

Beown™s Fosation and Maraffin Bobedding

Tigsnes wore pleced lote 20 mL of Bovin's fueid {ssoeated agoesas piecse noid, T3 mls
37% lopoaden, 2% by zlacal scenic beid, 5 mb end fixed for 24 bt 47C (2), Samples wers
wished umeler rumming water gl wiers twen pdaced e 1 lis 4 sequenteal 300 @l welomes of 5065
ethanol (ETCH) ar £°C wnnil the yellivw stain disappeared.  Following s, the samples were
detrpdrared ; cheared, mfiltrated and embedded in prmffin,

EFayrer-Hasken, persennl commumication P94,
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Weirrnl Buffersd Formaulin (NEF) Fixation and FesaiTin Embedding

Tissmes: were placed fisto 30 ml of NI (206 aod fesed for 24 b ok roosn lemperaiure | L,
13). Mext, samples were sehyirated and embedded. Al parnffin embedded samples foe hisiolagy

were itlwon sectioned 13 3 pm thickness ooz Lejtr microeome® and stained vsing G s hemutexeln

and ensin (FI&E: 3} using avawtarmated processir!

Cilutaraldelyde Fixstion nnd Plastie Embodding

Tisswes weee sectboned into | b 2 oun? cubes and fixed in 1'% glutacaldehyde® in

bt bufFared safine (PBS), pH 7.4, &t room lemperatare for 2 b, The samples wers waslad

5 fimes in chilled FBS and stores) a1 470 ovennighs. Afrer refrigerstion, Ui ssinples wiens waskad

with 10 mL sach of PRS and delonized warer. They were then debydrated throngh i senes of

BTOH solutieas £30, 50, T8, and 9537 e 15 min epeh aof ¢°C aml ablowed 1o coms r rocm

tempersture. Finul detyrdration steps inchided three, S0-min incubations in [O0F: ETOH at coom

tempermture, Surmples e [afilrated ond embedie io TB-4, a plyon] methacry labe- based pinstic

resin,” and 1.5 w2040 secrions were oblwined gzing 8 Sonvall -4 Parter-Blao UMCTSI0reE,

The seotinns ware placed an glas slides and, after drying, wess stained with H&ET using routns
mellsads,

Preparsdion of the Anti-plF Anichbody

Male New Fealand White mbbits wene vaceonaied with 40 pg of highly puetied pZF in
Complete Freund®s Acjuvant and then hoosted twice 2 wh aoan with 200 Jg of highly purified
PIF in Freurd's Incomplete Adjuvant. Scrom was harvested from the ratbits 2 wh after the last
vapeinalion, To conflean the specificity of the antibedies for pZP; 10 and -0 Westzm Dot
annlyses wers performed. In the Weeatern Biots, rnly p£F glyeoproteins wees stined, und alld
Parnities of p2P were recognized (pZPL pZP2, and paF2 &,

Elephart Oncyte Fixation nd Ermbedment

Clraating Follicle elephant uocvies was enmobed in S8% molion noble ggor o fucililse
humdling, then  prompily immemsed o a (iative conteining 1% paraformaldehyde, %
eloraruldehyde and (1% giertc acid in 01 M cacodylate-HCT baffer, pH 7.3, Alter sevesal hours
of fixarion, the fixntive was rinsed fom the cocytes with several chagpes of buffer, followed by
weveral i of deionized wader i remiove he buffer fromm 1he [allm - A grﬂ.ﬂlﬁd ceies af ethannl
was naed o debydeate tse coevias to 95% echunol, The oocyes were infilineed gradeatly witk
05 ethanal and LE White Medim Grade nesa, 8 hydrophilic nerylic resin,® amd ten several
long chumpes off 1R LI White resin, The ooceles wees cibedded ina gelafin capsubs witls [teah
1005 LE White resin und were allowed to pobymericz 24 hida 35°C oven. The gzlahn capsule
wat trimmed, ond - sections were oboained usdng 4 Beschert Ultacue & ultramicratome’.
Sections weoe placed on gliss shides and allowsed roodry with modesale bear before staining with
1% Todaicdine Blae i L% zodiom bhome,

Danrnstalt, G,

dHackes Instmments Tee, Fabrlisld, M,
sPodysciences Inc, Warringeon, P,
fLedea Lne, Doerield, T1.
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[mmunecyrochemisry for Light Micnmcopy

All three fination etk wene evalznbed for the tissue-fixation abdlity and the abifity to
preseree lissie antipenicicy, The paraffin blocks were sectucoed aml the secrions pinced on slides,
The slides wese degaraffiaieed and blucked ovarmight in TRIS-buffersd saline RS cunlaining
3% bovine serarn-albumin (BSA), Slides were washed and incoleted with the primocy antibody
rrabhit-nnti-pZP, 1200} o TBST (TBS wili Twsen 200 for 2 b, Afrer incubation, the sides
wore washed wath THE. The shides wers then incobated with the secarsbamy anlibody (orotein A-
P i, 12000 in TBST for | b Adter this step, the slaibes were washed i TBS, followed
by tople distilled water. The: staining. of the slides was eabanced using stancdard <jlvar
cihaneerment, ¥ dried. ang parmmmenily msinded,

Pl JE-4 Blocks were sectiomed and placed on slides Aftee the sections were allowed 1
dry, the alides wete fincked in 3% N%A in TRST overnight i & wor chadher al g Alter
bloeking for-24 fe the sectons were washed in TEST and meuksied in primary notibody, aot-
]:'2-?. at 1:300 in THET Tor 2 la o sermperiture in oowes chomber, Afteyr wisling in THET, by
sliles were then meobated in the secondary andbody (potein- A conjugated o010 nm colloidal
el ut 1130 in THET for L boat coem tempesailns oo wel chiamber. . Kexi, the slides wers jes
wighed in TBS and deiomized water for 1 ndeeach, 'The szetions were sphanced using the silver
enbasoeinent lechmigue, smid the reacrion was stopped with delonized waber atter color develonment
wis observed.  The scctions wees allowed @ =it dry, snd coverstips wers mountes with
Flo-Texx™ prior fo evaluarion,

brrmosynchemistty for Tranamisgion Eleson Micosicopny

Thim sezhions of the cocvbe were chtained aod mownizd on Pannvar carbon-coarad nicke
grids. The prids wore blocked for 30 min oo THS BSA bufter solotion (0.2 M Tris-baffored
galbma, pll 3.2 with 1% plobilin-free BSA) with Tween 20 added (1 deepinl buffer), Aler
washing in baffer, the grids were incubated a U poimacy antibogly (abéian-pZ Pl FH16,000
i TBE-BSA oecmight in aowed chumbier a1 4°C The grids were wached o baffor befose
scuhating in B secondary aoribody, Protein-A conjugated 10 10w cobloidal gald, diluied 1:20 0
TB3-BEA, 20 onincat room teogessune o & wel chamber. The grids wers weshed in buffer and
thien detonead waler hedore cantinuing with o 10-min silver echancement. After enhancesten, the
prads were washed in desonized water and pealsiaired with 3% msthanofic urarmy] acetors nod
Reynold's lead cifrate, The pmids were observed with the JEM-1210 traismisscon choeton

s ope
Voesinoticn of Fooale Blephbanis

A il esaitaf similicant cooperadion with zocs, 3 eleghnnee were vacciosted wath the pZP
vicoing, A 30-vr-old african clephant (Elcphant 1) an the BEivabanks Zoologica] Parck: anid
Bulanical Thasken, in Colarmbia, South Caraling: o 25-ve-old Afbean elephont (Elephaot 27 ar che
Greenville Zooin Gresnville, Sowth Caraling; and a 20-vr-old Asian clephant {Elephant 37 a che
E‘.ﬂgur;' Sy, Eu.ig.:r_'.-, ECZ, weare vacomaled.  Elephamis 1, 2 arel 3 were inttinlly wnecinated with 4
% mil-in-water emuilsion contpining 400 wp of pZF and 3 mg of svathete oelmlose
dicorvaomiycalate’ (8-TICMG. Elepbants 1ami 3 were initiolly hoosted with 300 jig of p7P

bAz-Enhaneer. Storon Chemieal, S Loais, MO,

hlernes | abonitiries 'F'il'_'a:h1|rf-:h. PAL

TEOL USA Dz, Poaboedy, M

IKindly provided by Dir, Terry Wrich. Ribi Immuncchem Resenrch Ine. Homilion, MT,
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Elephant 2, howewer, was bousted with 600 gz of pZF bossd on the initial seruaocantibedy levels.
For e subsequant boosters, all elephants received G0 gy of pZF o & 10% oil-in-waser smulsion
with 5 mg of 5-THCM adjavant Booster administrations were given aller 4 wk and again 10 ma
laker,

Esizsane Linked Inmmasochent Assay (BLISA} Dhitection of Anti-pFP IpG Lavels in Tilephanis

For nll ussays, sach data pednt was pecformed i trinlicaie, and sach plae bad = positve
cumtral [rablbic 2ni=pZ P} and teo nepgative comirols (nontal rabbic senom and oo pEF in e welll
Each well of the ELISA plafes® was coated witls 2 pgiwell of pZP. The pZP was revonstilubed
from ' Ivophitized pZP ek fo4 conceniration of | mgfnl o 03 MOCTRLS ar pH 8.2- Fifty
rnscroliters of the stock soloton {2 i pf P ws sdded tothe wells, The plates were incubated for
i hoar 2°C, The plaes were then washed 3 fimes with THE, To block the plates, 200 pL of TR1S
hiaffered saline and TBST with 3% BSA! wens added 10 each well.  The covered plote was
imcbited 470 for §2 T, The: plates were remavel foan e elrizecater aid aliowed wpowarm o
foom tempersture. The TRST was removed, and fhe wells wene washed 3 times with TBS. To
each wiall, 50 L of the clephant sernm al a diluson of 250G or 1 LO00wers adds:d asd incubaled
for 4 o, The elephant senim was poared off, &nd the plites were wasled 3 dmes with TBS. The
secondnry antibody, rbbit a-clophant TpG™, wes dded 2t 5 pLbwell (1:1.000 diduvon in
TEST) and incubatad for 2 be: Finally, S0 gLiwel] of the tectiary antibody Qront anti-rabidl sty
slkatine plosphatass] were sdded at a 20K Guion w TBST, The plates wers dben incutned
For 7 hoait Toam iemperslure. The plates wers cmssd 3 Groes with THS arel dised. Ar this time, 200
uL of parbormee baffer wers added o cacl well 1o adjust the pH to 9.8, Afer 5 mic, te butfer
wias teasved, and rhe E:nm wios dricd en gaper wweks, Fiandly, 50 pltwell of poaitmphenyl
phinspliats in carbonate baffer st pil 9.8 wens sdded. The colos eactlan was allowed to proceed [ur
3&11911#, after which it was siopped by adding 50 L Awell ol 3 % NaGtL The plate #as rcad ar 405
ausdd 492 nim,

Slantishical Anulysis

Sean seromonntibody levels were compaed statistoally nsing an anulysis ul vacance
CAMLIV AT and a Tokey!s test to perform o pairwie coniaiaon of 1 mesns, This aas perinred
using comiputer software SAST (version 6.21), Sarstical siznifioncos wns neeepte al P05

RESLILTS
Murmal Histelogy

Primuory (Figuse 1A), secondary (Figore 247, smd tertiary [ilcbes were casily dentified in
all fixed samples of ovarinn rissue. Hovin®s fation provided fthe hest preservation of e cetlular
desnil, The primary follickes (Figurs 1A} consisted ol single layer of gramuloss colls surmouncling
the oogyre. The pacyie did nob lsive & <learly visible zonn pelhasidaat & 1000 magnificarion. The
sascnndry fodlxzles (Figure 24) hut 2 o 3 laveds of coboidal granalosn cells, and the wona pelhxcidn
s oheurly visible susrounding the oocyie, Tn the tertiary tollicles, thers wepe mmltiple laypers of
cubaidal to cofnmmor grmialoss salls, asd the zoan ans slesrly wsihle:

Elrnznulbon $0 well. Chantilly, W,
‘Fragtlon W, Simma, 51 Leis, MO
alouresy ol U, Heisk Bemechinger,
=545 Instimete, Cory, I



Fagare 1. 4) Heomstowylin snd eosin sained seciion of anelepbant ovary at x 1000
mapnificalion, The secton shows 2 primasy follicles that are located cenizally
surroinded by o oziogle Dnver of grmnuless cells. BY homuoogald stadng galee o
prdvelonnl mbbitanbibady againss near-salubilized porcine 2onn pelucidu in o sectivn
ol dn ebephant ovory an % 1000 magrification, This ssetion shows 3 promary (ollicles
surraumded by menunoagobd sisisloe of the carly elephon zonn peliucids,

Imiminneyrechemisry foe Lighit Nlczascapy

In b prumacy folticles (Fipare 1B), immaonegeid deposits were concentraled at the cocyte-
pranuless eell functions,  This fomed 2t fayer of gold staining at the cell junctions.
Furthesinese, hore was diffose staining of the primary pocyle cptoplasin, wikeh excoeded that of
the hackground and corilmal m-:unng.nfl the szoadary (Figitre ZB) ond tertiory follicles, thaere was
definitive stnining of the rona pellozidy; bewever, there was alse some staining of inlercurons
radiara gell spaocs.



Figure 2. A} Hematoxylin: and eosdn stalned section of an elephiant ovary at x [T}
magnilication.  The ssction shows a secondary follicle surrunded by layers of

msat cells. The zona pellacids is clearly viaible botwoen the-ogeyte nrel granulosa

celle. B) Imommopeld staming asiag o polyolonel rebbil soibody ogainst
heat-sulubilized porcics zonn petlucils T & section of an elephant nvary ar x 2000

magmification showing & se60on filicle, The folllele is darovnded by imrmunogold
staining of the elephunt zona petlucido.
Immnooytnchermistry for trangmission elecman microscogs { TEM)
The zona of the conirolsections (x 8,000 bed mo guld saining (Figare 34 of the o
Iacicla, U oeplasm, oF the perizonal area. Lo the seetions trented {x 12.000) with anti-pZP
FFﬂ‘ig:um 3R, the gold labeleg can be cleocly seen only over the zoog E;-J!m.il'.u. B pold
granules can be seen in the cvloplasn especsally within dilatedt portions of the seooth endoplisms:
r=hHeulum.
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Figore 3 A Immunogold staining wsng of & control ekephunt gocyle s1% 8000 magnifonton.
weitlier the coplasm, the soni peliucida, of he space sxternal to the sona pelincida
shon any immunogedd staining, B, Immanegold siaming using & polycional rithhit
antilsady ppginst bant-seluhiheed porcine zona pellucidn in un elep@iant Gocyic 6t X
12 0000 magnification, The stephan wona pelivcida ig clearly libeled with the
immunomeld staiving. 10 addition. thers i Tubeling of The caplasm.

Semam AntipfE Lesly

The seomm Jevels of ani-pdP [pG mse with ezch successeve vsccinntion {Figuere 41,
Hirwereer, it wias son uetl &fter the ssoond bistes that the levels remainel alevated foc &t lest 12
. The levels of ant-p@P 1z in Eiophant 2 did rot actain the fevels of Elephant 1, Elegphart 3.
an Mian eleplzat, did g0 develop suslaised levels unrdl affer the s=cimd boosser.
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Figure 4. Serun levels of anti-pdi* LeG in 3 coplive elephants, The bewvels mse with cach
seocessive vaccinnton, boc o rome be most oand was sustaned the fongest aller the
accond boosier.

DISCLSSILN

The imtiunecyrochemistry resulis repored here establish that there ure sharcd cpitopes
berween the shephant and pZP, This was demonstrated b e light misroscapy leviel by
irmmaneeold steining of Uw zoas pellucida ol priqooy, seeomdnry and Worbiacy cocyies, und L
confirmed with TEM, which demtastzated that thers was significant immancgold stining of the
clZF. Morenver, the clZP might origaeate from the oogyle sioce mmunssoll staining of the
dilated portioms of the smocth endoplusmis resleahum wns clearly viable, stherens i is nol vigilble
int nmy ol susronnding velle. Hepce, netibodies direcied againes the qi;F' wioif -plso recognie
clZF This tala thus provides suppurt for the bypothesis Lhat the elephart vaceiraled with pZP
could be confracented and it provides additional evidence that the il bas significant homulegy
with (s Zoan palhucilze of maky mammnlim speccs,

Far Lhis vacelngtion trials, wil elephonts responded with significant (P<(LUS) incseasss in
blood fevels of anti-pEl? antibndies, specilically that of Tgli. The mageinsde of the anizbody
tncreascs were equivalent W those of vaccinated inmunoconizacepied mares,  Thers were,
hawever, dilleroncss in serum 1g0 Levels among elephants, &nd especially in the lower sustained
lewels in Flephants 2 and 3 prior in the Second boosrer, Herweviz, in Elephant 2 these bowee levels
might have a notritional ooigin, 25 ber dies empocasily Dad low vitamin B levels, Wit B lovels
have heen correbated with imumene competence dnd specificall immunag lablie levels, ke
vitnmin T supplensentation woy initated, (e aatibody. levels of Elephant & imcneased and were
eguivalent o these of Elepbants | und 3. Elephant T waean Asian elephaet, snd this may alzo
have contribuzed te the different responss dynamivs in s phass prior to the soond booseer, Initizl
indications wens tial tha tirers pfter the (st booster might besostained for g salficwl bine o seeve
a3 an gocepsnhie immunocontraceptive peat. Bur only fnce Lhe profile wos compleed dif i
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hecome clesr thit @ wooond boostes would be needed for susnined bevels, Flence the linal guanticy
of seeunt Iglr, afier 2 bonsters, appears b be saffaient Qor eflfective costacepdon in the clephant,
hulk this needs fo be pooven Lo & frec-ronming pepulation.

Tl need foe Lntlon minpagement of African :;Jl:pha:.'rts will beoome a reality durmg the
NeXt Ceptury; h.;“wfﬁﬂis ksl uuiﬁl ibat ewllise will s meseasingly usscceptable Lﬁ:?fmld
connmimaty, Thas, alicenative strstegics mast be provided to park and bobitst managess o order o
contml ¢||::PI1nr_|r popualakions. These il sricdses aig vl in |J|'.‘-[-E|:I‘.'||JI.1]|:|3 du:.pmcﬁu'a.'l rale af
the AP inbniContrace ity vaccine

The elivesy of pEF vaecine oed an pdjoennt o fres-ronming @quids has alrendy been
shown o be a proctiznl und economic reatity (50 In addition, the pfl* vaccine and adjuvant
mixlures thal bave been roportod o horses 05, 24] bove hod very few side etfects sich os
lnmensss, swelling ond absceses.  Wilh the increasing availabilicy of pZP for
vrnasoecostrrespiion. thhere will be more widespread use of this technalogy for vacciniting
noimils Hloeever, 3 ts nod clesr if 2 sspedely deliveied pfP vaceine can control the pumber of
Dec-roamisg znimala, The initnd dutn from Assaceagies [5) Ishimd indicate thal 2 Free-roaming
populition of npimais pan be contrplbad by sapotely delivered pZP immumoeontreception. The
pepulation of the Assabcapue horses 5 poor kepd ot o cansionl by repulor vaccination with ptP,
Heoce, the pfF technolory is probubdy capable of affecting popelatzon coatmol in the Afcican
edupdiant of South Afreecs,

Wlaat ae the effects an berd dvnpmics wmd socind belzvioe sl immuiecaniracegion an e
fres rmaming Alncan sleplioet? This jsan cspecnlly jmportant quastion in this species (African
elephanty, whaose social inlesacizns may e oy e mossadvanced b the andmal kingdom. The
posteatiz] dapact of vedeced oumbers of calves on hecds of the elephimt are nol known, bul this is
im irnperind consiierstian o take kg account, since the clephant is known to have bighly evolved
ciiions ard con comarehend the conent of death, Blepl=nts will iorvestigate dead selatives and
Bivve evien been seen casrying the bones of dead relatives. Their honds e so strong that they wiil
ACmpt B mssist sk, imjured, and even dying elophants; the Iozs of groop members reaulis in
clanges in family cohedion and social Bonding (17) Tmmmmocentraceptiom may also supplanl the
nee] for culling, Uhus nulbilyane s effecis on the clephants. Bepors by Moss {16} describe that
entire family units ars seldom culled, ard thesirvsvars of these hesds ane sevesely iaumatized by
the iEigruzbiom ol the ot lal faadly aieits, Cf e avoilable popolation conered apions, it wonkl
secm that mumuneconrracepiion and reduced call numbers wouald e the most acceptable. The
putentizl wse ol inummocsatraception i conmlling fres-foaming Afocun elephonts s very
mn:,u:u:.'mging:_ anel 30y provid an iporiol ol Cor coology ard conscrvatlon of both the species
and the: habitat.
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