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Remotely delivered immunocontraception in free-roaming feral burros

(Equus asinus)
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Regulation of local everpopulations of tree-roaming feral equids is in demand werldwide for
ecological balance and habitat preservation. Contraceptive vaccines have proven effective in
feral horses, which breed seasomally, bul no data are available for equids such as the burro,
which iz i’E[_'lmd.UEﬂ‘.-'El‘_,.' ackive all wear round. In the present ﬁud}l, v i_nl:l.]"l.'i:fua":,' identified
temale Fesal burros (Epes asines) roaming free in Virgin [slands National Park {5t Jobn, U3
WVirgin Islands: Lesser Antilles) were remotely treated with pig zomae pellucdae (I"ZF)
vaccine. Between January and May, 16 burros were darted with a 1 ml emulsion of PEP plus
Freund's adiuvant. Ten ko bwelve manths laber each treated burre was given a single booster
injection of PZP plus adjuvant bo maintin contracephion through a second year. Eleven
adult untreated jennies served as controls. Beginning one vear after initial vaccination, these
burros were monitored for pregnancy and foal production. Collection of data to determine
treatment effect was not begun until 12 months after initial treatment to ensure that
pregnancies existing before vaccmation were not included, Pregnancy was assessed uiing
previousiy validated methods for stercid metabolite measurement in fresh faecal samples.
Mome of the PEP-treated burros produced foals between 0 and 12 months after the last
inoculation. Cne PZP-lreated burro tested positive for pregnancy at 10 months after the
final invculation. During this same period. six of 11 untreated busros tested pregnancy-
positive, and four were observed with foals. There was no difference in pregnancy mtes
amnong treated, control and randomly sampled jennies between 12 and 24 months after the
last iroculstion. The results demonstrate that, in free-roaming feral burros that are
repraductively active all year round: {1} burros can be accessed for remotely delivered PZFP
vacoination; (2) PZF contraception is eBective; (3) PEZF contraceplion is reversible; and {4}

pregnancy can be reliably detected by faecal steroid analysic.

Inteoduction

Reducing fertility among free-roaming horses (Eque aabyil)
anted feral burros (Eoios asious] has been the goal of menenus
studics in the United States over the past hwo decsdes. Initial
exporiments. forused on contracephive stercids which wers
delivered ad imjectable, sustained-release (mibcroencapsulated)
n-::rrnpul.lnds (Eirkoatrick o ai, 1082 Tuwmer and K:irkp.:l'.rl.l.‘t.
12821 ar f:il:lsrir“' implants (Plotka =t al, 1989): All of thess
meshods resulted invaroas degrees of phammacoiogical suoceds
but the microencapsulated sterolds reguired extremely largs
doses and the Silassic® implants reguired restraint and surgery,
In addition, there is concem about sterodd-induced pathologies,
alieration of behaviour, and the passage nf steroids through the
food chain when they are used Lo prevent corceplon in
ﬁm}mnm‘ing animals {Turner and ]{ir;:PaI:mJ:, 1291

Repewail 13 Mowember 19995,

Ar alternative bo steroid-induced Fectility conkeal In equids is
irrrmunnl:u:'ll:l.‘&l!-&[:ll'i.-::u'l_ Lnlubilized F'iE TOnae FEUu&'rd.'BE by sl o
injections daliversd remotely inhibifed fertility in capkive feral
mares L of al, 1989, and free-roaming wild mares
Kickpateick of al. 1990ak Tn a follow-up experiment, 14
previously beated mares were given a single PZF booster
imocuiation, and 13 of the 14 filed o peoduce foads
(Kirkpatvick et al, 199%a. These studies also showed thaz
imrnunesuppression, which aseally sccompanles pregnancy in
crarnmsals, does oot ingerfere with the contraceptive cifects of
the vacelne and that the vaccine is safe for wse In animals thai
ang :.]mad:,- Fus'nnnt

Arother advantage of the PEP vaccine s the profein nature
of the coatracephive anbgen. This chazscteristic prechudes the
possibility of pasaage of the antifertility agent through the
food cham. In any realistic management by contracephion
some treated animals will die from natwral causes and a variety
uf acavengers will feed opon the carcasses. Protein unltke
stercids (particuiarly symthetic steroids), canmot be passed
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along intact to the predators’ Hssues and cannet avcamulate
theraln, This is an impustant envirenmeantal comsidembion
where largescale management of wild or feral equids is
contermplated [Tumer and Kirkpalock, 1991).

The success of PZP vaccing in suppressing fertility appears
o be via ik ablity bo inhibiz techilization (Sacco eb al, 1984
The PEP consists of four glycoproteins. At least ome of these
ZP3, i the receptor molecule for spesm sface molecalas
{Florman and Wassarman, 19851 Antibodies raised against 2P
are thought to blodk the sperm meceplor sites on the equine
zona |_:||:'||u|:i|:|:|.. r-'l.'lﬁr.t-‘}}' |:I:." sleric kindrance (Shinner 2 al,
1841, therefore preventing festilization,

Ass equid that has not been tested for efectiveness of PZP
confraception is the burmo. This haedy Equu:l with a grestation
of 11 months has boen a successul reproduces in rmany harsh
environments (McKnight, 1958, and Is 2 problem feral animal
in  seiveral parts of the world beclding  Moctl  Aunecica,
Australia and Africa (Woodward, 1979, Presently there i a
teral buree population inhabiting the (sland of 5t John. United
States Virgin [slands, which is the sibe of Visgin lslands
Mational Park The busros @ this Flnl:ulni'inn. lncalby refermed to
as “donkeys’, are Epees asiw, 2nd no mules are knowm bo be
present. The populabion i reportedty in excess of 25¢ and s
expanding (Mellis & ai., 1980). The circurrstances of fixed land
mass and expanding populstions, both human and burro, have
raiged mterest on the past of the Mational Fark 3ervicr to
investigate means of regulating foeral burre numbers on St John
This situation offered an opportunity to evaluate PZP nmuno-
contraception in an equld that is reproductively active through.
ot the year (Meilis & al, 1986% An additiven] opporbunity
avaitable wilh this bara J:u:l_F'l.:]:Hn'n was to determine whether
pregoancy could be debected via measurement of concen-
trations of specific sferoid metabotites in faeval samples. Pra-
vious studies . have shown that pregmancy s consistentiy
asgociated with high concentrations of oestrone sulfafe, a
group of progesterone metabclites, and total oestrogens in
extracts of fresh faeces in ree-roaming feral horses Hitkpatrick
el al, 100k 2991k and in several ofher species (Loskuboff
el 1982, Lastey and Kirkpatrick, 19911

The goals of the present study of inmunoconiraception
of feral burros inhabiting Visgin [lands Mational Pack (VP
were o delemnine: {10 Hhe :||:|:::na-sa"l'.ril:il"_aI ta Femi bumas for
remiobe vaccinafiors (1) the deliverabitity of PEP waccine to
feral burros by dark: (3] the conbraceptive effectiveness of the
PEP wacciae Mo tefal burros: (4) the mevemsibiing of the
contraceptive effect i feral burox, and [5) the capability for
pregoancy  tésting of feral barros  through faecal steroid
mieasurement.

Matertaly and Methods
Ehediy area

The El:ud',' veas carried cub on the Caribbean island of St _||:|1r|
in the US Virgsn Islands, o part of the Lesser Antles island
group. located al 18°20'N latibude and A65°45W loagitude.
5l John i@ aperoctmakely 11 kenx 5 ke, covesing an area of
3180 ha The majority of the bumos incuded in the stady
inhakit Virgin lslands Maticma! Park, which, In - somewhat
checkerboard  fashion, comprises 37% of the land area of

St [aba. The climate 5 relaively constant throughout the vear
with steady brade wines, temperatures noomally ranging froen
18" bo 32°C, and an average 75% humidity, The topography is
mugged, charackesized by deep valleys, high rdess and several
HHIEE dm'mag:- basins, E'n:i:-l:l::-'-l:hrEE Per cernt of fhe jdand s
covered by four types of dry evergreen foresl, and the
remarinder 8 covered by modst forest, vepelation secondary to
recent furnan activity, _:-.:s-.*-.me afd urban dz'-':{u]:u'nznl:. Burrog
tend tet ke concenimated in basin areps. but can be found &
every habifad tvpe, Including whan areas. The drainage basins
comiain fresh and brackish water ponds, which the Burred wse
foa drinking waker,

Purron I'ﬁi-ﬂi'h:_ﬁ'l.'ﬂriﬂlt AR Apcess

The present study wed 27 adult female burros rnging in
welight from approximatels ® kg ta 115 kg Sixteen of these
wers breated with contraceptive, ared I1 were tnireated con-
trols. Half of the contral jernies were in the same family Freoncs
a8 h’aal:ﬂd.jm.n:ies. Individual bursos were idenfiBed an Hee basis
of eoat eolour and s'h:ding,. body and head size and sha]_'u:'. and
urigue markings or permanent scars (Tumer & al, 18811 This
mefhod of identification was initially time intensive bit peoved
highly reliable and comststent across the study perod. Access
bo barros b provide treatment via remotely @elivered dart was
accomplished by the establishment and regular use of bail
stations. These “stations” were mevely ground sites along paths
freguented by burros, waually i fat areas and within 10 m of
brusly sanchuary. A mixbuee of grain, hay and molasses was
!!'JEEEd ab the sibes daflv. Regulsr use of these bast sta¥ions
-e:-n:n'md wiithin 2 1.I.H-1::

Fig zoninr pellucidas vacoine prevarslion

The g zonse petlocidae vaceing was prepared as deseribed
by Liv-sfal (19820 and stored frozen in 0.5 ml aliquats unfl
nees. Burmos were given an inisial one- o two-iniection PZP
treatment and, after 20-12 months, were given a one-injechion
PZP booster treatment. Inflial treatmen: consisted of: (11 bwo
separabe injections (3 weeks apart! of 2 10 ml emulsian,
containing &5 pg FZP plus Freund's complete (st mjection) or
Incomplete mecond injection) adjuvant {r== 13% or (2} a single
injection containing 130 ug PZP emulsified in Freund's com-
]:Ilul'e adpuvant. The PP for the sing[e injection was present in
two forme: &5 W umzequestered and 65 pp seguestered in
1050 um diarneler microspneses of blodegradable Lactide and
elyeatide in a 101 ratio (n = 31 The polymer miceespheres wers
prepared by B Linhardf and D Flanagan (University of bowa)
using & coacervabion method described by Wang of al (19910,
Release rates were projected to be confinmis acrass 4 weeks,
with greatest release in weeks 1 and 4 (Wang « &, 19900
Booster freatment Format consisted of a single injection of
] E PZF (LB ml] crmalsifed wigh 0.5 ml Freund's i:l:um._::-lrl;e
adiuvant,

Each breatment was administered remotely by 2 dart fred
frowm a rifts, The most reliable delivers was obtained using the
Preu-Dart system (Williamdporl, FAL which uses a 22 ealiber
eifle with scope and powder-charged. 1.0 o, self-injecting darts:
Al darts were recovered after injechion.
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Prégraney frehng e imRking

All arras in the study were monttared for efectiveness of
Leeatorent: and ceversibitity of treatment as defermired by foal
counts and by pregrancy festing, Collection af data to
determine freatment effecs was oot begun unbl] 12 months after
initial treatment to ensure that pregnancies existing before
vaocination werse oot induded. Collection of data be delermime
revegsibility of treatment effect was bebween 12 and 24 months
after the last breatment. Pregnancy was assessed via measure-
ment of concentrations of total faecal oestrogens (TFE)L
acsirone conjugakes (E,7 and immunoreachive pregnansdicl-
glucurontde-like metabolites (iPdG) in extracts . fram Fresh
Famoas ixirir[.!nhirk et al,, 1991k} |:1|:|5'.-'i|:|ua|f:|-' identibed trealsd
and control jennies were mondtored wntil they defecated. and
samples were eomediately collected and kept frozen until
assayed. Pregrancy data were generated for up bo Bve faecal
codlection. periods. which weee approcamately 12, 21 24, 3a
and 48 months after imdtlal PZP vaccination. Pregnancy data are
presented a8 means dsed Stabistical hypothesis testing for
foaling dats used binomial probability distribution (BPDY and.
for pregnancy-test data, used Shedent's £ test or Tukey's test
for multiple proporions (Zar, 19845

Results

Concentrations of sterosd metabolites indicative of pregrancy
ware compared belween burtos that produced foals and arres
that did net produce foals during the period from February
1923 ko February 1994 (Table 11 Two non-foaling burros, ane
PEPreates and ooe control showeed |.'L|l'|E|i|.'I:L'.I.g steraid pesuliz
(pregnant versieE nonpregnant among sample |_:|:r.i|.1|.'|i It s
possitrle that a pregrancy occusred between samplings. but no
foals were produced by these burres duming the sampling
Pi'l'il.‘rd- The average concenfrabions ing g "L fapces = ) of
faecal sterolds In zamples from nordoaling burres (n = 1) were
154+ 1.5 for TFE. 242=% 18 for E‘l':. ard B49e= 2891 far
iPdLs In contrast, burros that ]'.-'rl_'ldun:d foals In =&} exhibiled
average faecal stercid concentrations during pregnancy of
2854 I00:2 tor TFE, 1454 %57% for E,C, and
29507 £ [80.7 foc iPdG, The differences between foaling
ard nonfoaling burros were significant (P = 0,05, Student’s ¢
test) for all three sterold measures. In PZP-ircared and
comtrob burres for which reproductive sabs was known for

ak laast gne full gestation period (0= 1Bl pregnancy lest
data correlated [00% with ewvential presence or absence of
foals,

At the beginning of the study (befure any treatments), six of
the 1& burros scheduled for PZP breatment had offspring
ranging from approcimately 2 to 12 months of age By 1 vear
atter treatment, when montoring for freatment efect wac
begun, an addithonal four jennies bad procduced foals. In the
period from 12 ba 24 mankhs after PEP treatment, none of the
18 treated burmos wae obserived wilh a foal, ard one busro
besbed pomitive bor pregnaney at 21 months after immunization
(Table 1} In comfrast. four of the 11 contrad burros wers
abaspved with ofspring, and six {inchiding Lhree of the above
four) of the 11 tested positbee for pregnancy during this peciod.
In the four jennisx that had been given a hooster inoculation
after 1 yeur, there were no positive pregnancy lesls and no
foals were produced. The proportions of bumros producing foals
i the PEl-treated versus conboed groups wene different
(Fe 00l GFLN in the 11-24 months aBer treatment, In
addition, the proportion of burros producing feals before
Ereatment and during thie best |_'.|='i|:||:| for bresbmient ofectiveness
(1224 momths) was dliferent 1P < 0,01; BPDY AlL burros in the
study appeared subjectively to remain healthy for the eniire
shudy perind, based on physical appeasance, demesnour and
general behaviour as indices of condition.

Feyversibiity of treatment sfect was assessed by Faecal
pregnancy testing only. Por reversibility testing we were able
o locate only 13 of 16 treated burros: and six of 11 control
humes. Six of 15 (46 0% PEP-treated and three ot six (5000%!
conirol buros fested pregnancy positive (Table 31 Faecal
samples were also collected From 33 randemly cwosen jennies
Ehat weee nol in the study. Fifteen of these 33 jenmies (45.5%
tesiod pregrancy positive.

Mating behaviour, which included courtship, female
cestrows behaviour, and male mounting and copulatory bahav-
fmar (infrosnilgsdon with o withouot sjaculation] were observed
on 11 occasions during the shudy period. No subjectively
dizcermible differences  in odtive  balsaviowr  wers
cimesved behween PEP-treated and control barsos. Breeding
wae tecorded Inoall mooths studied. Across 3 vears the
approximate frequency of reproductive behavious securrence
per 100 h of observation was 7.5 in Jamsary. 7.5 in February. 12
in Aypril and 4.5 in November, Observations were not made in
ather months.

Table 1. Correlatica of foal production and botal faecal cestrogens [TFE), ogstrone conjugates (B, and
progesterone metabolites GPAG) ronrentrations in teral burras

Fasral steroid concenbrasiaon
(g i 1 dry mass = @)

Crrpelition” M I'FE E.C 5 [
Burres thinl produced Foals” & 1565 1001 1453 £ 574 20537 £ 1607
Burres that did sot produce. foss 1 1854=14 Lizd1a paat 2801

“Samples were collacted aver 1L menkis

bSam‘_‘.‘:_-:s wep molleced rom =2 mocths befnre fom vais firsk obnasrad,
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Table 2, Blfect of ;iﬁ I 1 FI:'”L:H:idEE r_F'_a:"'_, anmunocontra-
ception on the incidence of pregnancy i free-roaming feral

busrog
Bumnber %) of
baarros shat
Condition ® wETE pregnant
FZMtreated (2 Ejedions] 112 oo
FZP-treated (1 miection) i 1 (3300F
Unkrested controd 1 & (54417

Pregrancy was determmed viz measerenies® of corcentrabiors of tatal faml
castrogiens (TEEL aesbone cunjugabes (E,C) and progesterane meabolibes
PGl m enbracls of fareal samples pblamed frees dvadealy idenkfed
burras, Sai=plisc were baben 0-11 montks 2iter the | 777 treskment,
Vakare with diferent sunetscrpta are sipgnificarehy diferent Fram sad aibhe
P 0% Tuker's it hor meztinke 'D"":\F"D'I'h\:l'.'l-\.

Table 3. Reversibility of pig zonse pelhecidas (PZF) immuno-
contraception i breesoaming feral burros

Iumbear %) of
burros that

Coridizon " were pregnant
PZP 2reated” 13 T [ 1]
Urtreated contzal & 3 (500
Rardem samplng 33 15 (45,5

Pregnancy wis dehermined via measurement of concenbratians of hotal faeml
cilengoen (TFE, pestrove conjugates (E,0) and progesserune metaboiibes
P Samples woore Laken 12-24 monte wher b st PEP freximenl

Mo sgrlficend difeenos ammes grompn Pr oS, Tukey bl for multiple
propaiisn.

“Valuws for jennier giver: one Injectien and fwa yections were pooled, since
pregrancy modence did st difer m Huess groops,

Discussion

The results of this shedy dernomstrate that PZP mmunocontra-
cephion can be delivered to free-roaming feral burros, is highly
effective in preventing pregrancy i this species and s
reversible inibs effect. As stabed previously, the frel 12 months
after immunization were not included in the sssesenent of
treatment efficacy on the premise that some burros wens
afready pregrant at immurization tme, This homed osf bo be
the case for four burros which foaled in the 13 months
tolowing imerumization, The foais were nursed and
grew nomally. Since the gestation period is approximately
11 months in burros (McEnight, 1958), these pregnancies had
begun prior to the PZP bneatment, Thus, n burros, as in othes
species stadied to date (Tumer and Kirkpatzick, 1991}, PZF
contracephion does not disrupt existing presmancies,

The two-iniection protocol wes more effective than the
sngle-injection controlled-reless= PZP protocs] in preventing
pregaancy. These resulks are samilar to contraceptive effects of
the two-injection PEI protocol reported for horses (Kirkpatrick
¢l nl, 1980 and For white-tailed deer (Tomer ef al, 19920 The
rehnement of a high-efficacy, single-injection beatment, which

i& underway, will br necessary before mmmunocontraception
can be used for roubine mansrement of bumros.

It appears that burras an 5t [ohn exhibit reproductive
benaviour throughout the year. However, the data from the
present study showed that breeding froquency 18 greater in
spring than in other seasons. November was a breeding nadir
atnong the months studied. Assuming that the contracepéive
effect is ol sbmilar dusabion across breated individuals. the
wrAr-roung nature of burso :'E]:u'ndu;l:im on St foha makes it
T casiary to comsider su!?:r::ding contraceplivé freatoent aoross
the vear. This would prevent the bunching of Ffoal producion
at one time of year, and ensure a more natural femporal pattem
in foaling.

Obtaining access bo the burros for treatment was accom-
phished with high sucoess by the use of bait stations. [f was
necessary bo mamtain a regular daity baiting schedule to ersune
regular retum of burros o the site, and ever with 2 regular
baiting schedule, abmost 40% of #he burros were not daily
visitors. However, over 4—3 days, most stugy burros would
visit thelr pespective bait stations at lesst once. Ywhile almost afl
boros consumed bait when if was available, & definite pecking
order developed regarding consurmption of limited bait, Al a
given station, a few burros would eat the bait while the
remainder of the group wabched, Placing two or three piles of
bail seversl metres from each other perrnitbed aceess for more
dutividuals,

Buzrror farnily groups appeared o prefer certain limdbed areas
(home ranges) of the island and showed firy regular pattems
of mevement within these azemas This is consistent with the
firdings of Mellis ¢ of. (1986), Among busros in the present
study, each home range included at least one dezinage basin
with a clearing, fresh water supply, and at [=ast T ke of ditt ar
paved road. Some burmo groups moved back and forth regu-
lardy between bwo diferent drsinage basing and were obaery-
able dn the dsan Plamy road areas were lined with
vegetation that appealed lo busros and they were ofien
observable along the roads. All except fwo of the jennies m
the smdy remained throughowt the 3 vear study within the
home range where they were first observed. The heene-range
stability and Frequent use of roads and bait stations by burros
facilitated the determination of burro identification, movement
pattern= and habits,

The use of counts of young offspring has been a classic
approach to determining fecundity (Seber, 1982 Waolfe af al,
[989). Unfortunately, counts of voung can often vicld under-
estimates of reproductive mfes and productivity, since fetal
inzses and neonatal losses, respectively, may be missed (Berger,
1986} Om 5t Jokn, the fenndes rarely being young foals out of
the dense bush. Mosl foals are not seen okl they are I-4
mamiths of age, Thus, counting of foals s not an optimal methed
for assessing conbraceptive cffectiveres m 5t John busros,

In contrast, borro pregnancy besting via measurement of
steroid metabolites in feeces appears to be relisbie. The
differences in faecal steruéd concentrations behween pregnant
and nonpregnant burros were lange, Tanging from an average
of 5.5-fold For iPG bo 18.5-fold for TFE These differences
were similar to fose reported i horses (Kirkpatrick et of,
19008, 19221h). All burros that produced foals had previously
testad positive for pregnancy. and none of the burres that
tested megative for pregnancy have produced foals. This
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reliability in lesting for pregnancy i burros sugEests potential
asefulness for asmessing vaous aspects of burro reproduction,
mcluding population fertility rates, fetal loss rates, seasonal
reproductive patterns ard individual cestrous cyeles. In bwo
burros showing beth pregrancy-posisive  and Pregnanty-
megative steredd data across their samples, the pregnancy-
positive data were late in the zample pericd. These burros may
have become pregrant between sary and Late sarrples,

In summary. the presenl study has demonstrated in free-
roaming feral burras on 5t John, which bresd all yesr round
that: (1} bumros are acoessible for PPP broatment by use of bail
stations; () PZF vaccine can be remotety delivered by dast; (3
PZP vaccine is effective in preventing pregoancy: (4] PEP
treatment cffect i reversible; and (5} pregnancy can be detected
refiably by faecal storoid amalvsis,

The exemtion af this project has invedved o conpenktive «fort an
the part =t the Virgin lsbands Maticnal Fark, The Humare Socicty of
the Linsted Sabes. the Medical College of Obin, and the Wirgin |sbards
Emviranmerntal Resource Stabion of the University of ihe Virgin
Istangs, Specal thanks are accorded T. Kelley and 1 Bjark of Virgin
|siands Mational Park for their project coordinetion effarts and Teld
assistince on site. Funding of the project was undertaben by Virgin
‘slands Matiomal Park amd the Hurnane Sodeby of the Upsted Stabes,
Speaal thanks bo M. Bernaco for preparabian of He PZP vacene snd
bz B V. Berkeley for foncal sternid analysie,
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