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Alstract:  We tested & mew contraceplive methid that oflers & potentlal alternative 1o white-tailed deer
(doeadlens rginianes] population control where hunting is unfeasible, We report the St sucorssful,
remolely delivered immunecnntraceplion in caplive, worestrained while-tailed doer wing poncine zons
pellucida (PZP} antigen. None of 7 PEP-vaecinated does produced fowns, whereas € of 7 control does did.
s adverie cBeres of reatmend were shserved, Thew results encourage Tunher investigation of Fmmuco

caortraceplion in wikl white-tatled deer populalicns.
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Traditienally, spart hunting has heen used in
A Efempd to maintain white-tailed decr (Ol
cotlens pirgintanus ) populations in Mecth
America at bevels compatible with their kabitay,
However, in some Jecations, such as national and
state parks, wildlide refuges, and urban parks,
hunting ks llkegal or impractical. Manageuweint
elforls lave been further complicated by con-
tinued human epescachment inta areas barder-
ing presarves and by increased public pressume
to pratest the desr From destruction or remosal
(Kellert 1931).

One petential resolution to this rapidly es-
calating problem may lie in deer population
control through contraception. The feasibility
ol fertility contral in ungulates has besn under
tnvestigation for more than 20 years {reviewed,
Kirkpatrick and Turner 1985; Turner and Kirk-
patrick 15931). The earliest desr comleaception
studies used steroids, primarily diethylstilbestrol
and melengestrol acetate administered via im-
plant, infection, or orelly in food (Harder and
Pelerle 1974; Bell and Petegle 1975; Matschke
1977ah: 'I"I.-n-'ug]'l.'ln-n 1978). However, lmplants
require caplure of immobillzation, which is ex-
persive and potentially dangerous o the amimal,
Ciral sdministration can be unreliable and re-
guires frequent, often dsily, ingestion of the
apent, Palatability of treated bait may be a prob-
lebm, oF bait may beeaten by non-target species
[Kickpatrick and Turner 1801}

ne antifertility appreach that appeacs Lo be
[ree of many of the disadvantages of steroids is
immunocontraception. Successlul application of
immunncantraceplion wsing o porcine zona pel-
lucida (FZP) antigen inhorses hasheen reported
11}' Liw et al. Ll"tl‘ﬂg]. b= IE'L'EI:Il.I.}'. F':'ii'L'TlHﬂC'k

ot al. (1990} have demonstrated wreater than
25% inhibitlon of lertility in free-roaming feral
mares treabed with FEP vaecine via remotely
deliversd dart. The efects of the vactine wers
reversible after 1 year, did net affect pregnan-
cies in progres, and did motl ]:ln'.'rdm'.‘t hehaviaral
side effects (Kirkpotrick et al, 1880g.b), We un-
dertook this study to determines the effectiveness
of remotely delivered PZP vaccination in cap-
tive, unrestrained white-talled deor
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MATERIALS AND METHODS

° The ﬂ'un:ly was condocted 81 & privzte desr
facility in westoentral Ol {latitude 417, Jon-
gitude B4"). We dged 14 does ranging in age
from 2 to T years sndd in weight from 45 1o 60
kg All docs were known o have previously
fowned. They were maintzioed in a 0.5-hectare
flar, grassed enclosure with & 3.m chain-link
fence, Tl west end of the enclosure wis a solid
wooden wall with an overhang to provids the
deer shelter from cold, wind, and precipitation.
They were fed hay, mixed grain, and cornmer-
cial foosd pellets, Food and water were pravided
ad Ebitem. Each doe was cartagzed to {acilitate
remate identilication.

The FZP vaccine was prepared from porcine
ovaries as previously described {Liu e 5l 1989)
and was stored a1 —5 (7 wntil ussd in the Geld,
An emublon of 05 o2 vaccine (eguivalent to
spproximately 5,000 zonoe or §4.3 pg of protein}
in pﬂmu;phah: hufier and (0.5 cc of Freund's com-
plete adjuvant was prepared, We mived the 2
rompanents jusl belore injection, vwing £ 10-co
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glags syringes pained with a plastic conmector.
Alter 100 plunper stiokes, we loaded the emul-
sian into a 1.0-cc sell-injecting dart (PneuDart
frc., Williamsport, Fa.} tipped with a 22~m,
18 pauge needle. The darl needle was rimsed
with T0% ethanol. and the dart was loaded indo
a standard 1.3-m blow gun and Ared through
the fenee wire inta the hip region of esch doc
On 4 October 1958, we selected T does for Uhe
trestment grovp and gave them an inktisl in-
eculstion of waceine We similarly injected 2
cantral doos with adjuvant-buler only (no FZP}
The remaining control does (n = 3} were un-
available for injection and remained witreated.
Hawever, PEP studies employing sham controls
have been conducted in & number of species,
and no iohibition of femility in sham-control
groups has been reported [Faterson and Aitken
e,

Apges and body mases were simalar in the
contrel and treated groups. We gave the scoond
and third inoculations 3 ard 6 weeks, respec-
tivaly, after the Bra fnoculation. These ineou-
lations wore identical to the fird injection with
ihe exceplion that incomplete sddjuvant (less m-
munogenic) was used rathes than complete ad-
juvant, In & previous study in mares, the use of
incomplete adjuvant alter the initial inoculation
produced efective contraception with little oc
na sbscessing, at the injection site (Kirkpatdek
et gl 10000, Therelore, we used this apprxch
in the present stucdy.

In December, approzimately 6 weeks after
the Hnal injection. a hesfihy 3-yest-ald buck,
which lad previously sired fawns, was placed
with the does. We obsesved breeding within 48
hours after introducing the bock, and he was
permitted to remain with the does therealler.
Wea oheerved 1he desr -3 Himes week |'H"I'ind-
ically through winter and spring to assess health
and general phvsical condition. We recorded
the Tawning dates and the number o fawns
produced. Fawning was complete by mid-Jure.

AESULTS

Mone of the does exhibited a visibly draining
abweess a1 1he injection site, but & raised area of
about 20 mm in diameter developed in Lhe tinal
injection site on 5 does. This response diap-
peared alter 8-10 days in £ ol the does and alter
5 weeks in the thisd doe We observed 10 of the
14 does being bred. Some treated dees continued
1 eyele and breed periadically into early March,
Three lrealed does were hred in February, and
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1 treated doe was bred diriog the ot week of
March, Mone of the control dees were abserved
hresding after January. All doss appeated to be
in pood health and physical candition theough
out the study

Parturition began late in May and spanned 2
S-week perid. None af the PRP-treated doos
produced fawns, whereas 6ol the 7 contre does
(84%), including both injected contrals, did. All
fawns appeared healthy and nursed normally.
The incidence of fawning for all does at the
[acility was B2% in 1966 (n = 12} and 93% in
T0BY (n = 14} Analysis af [awning dats via
hinemial probability distributson (Zar 1884] re-
vealed that the propartion ol dees giving birth
v Fawens was Inwer (P < 0:01) for FZP-lreated
does than for control does, The incidence of
twinning at the facility averaged 428 for 1984
and 1989 and was 33% for the contral does in
199k

DISCUSSION AND MANAGEMENT
IMPLICATIONS

We present the first suceesstul inhibition al
Fertility in white-tsiled deer using remotely de-
livered immunocontraception. Suceessful infi-
bitian of feclility using PLF vaccination has heen
reported for a number of mammals, including
non-human primates (Sacco BT} In previous
studies of horsas (Liu et al, 1589, Kirkpatrick b
al. 19904), PZP succemfully suppressed mare
fertility, The PEZF woccine appears Lo act by
inhibiting fertilization or pasibly implantation
{Saceo et 4l 1984). The zona pellucidz of Lhe
pif; is comprised of 3 glycoproteins, ane of which
{ZP3) acts as a receptor for sperm surface -
eoulex (Florman snd Wassarman 12585); Lin et
al. (1989) suggesed that PIP antibodies gen-
erated in the horse may prevent [ertilization by
blocking sperm receplor sites on the gvam.,

We cbaerved small open absceses in 12% of
vaccinated hocses in & previeus immundcontra:
ceptlon study (Kirkpatrick et al. 18900). Al
theugh there were no open alscesses whserved
at the infection site in our does, the localized
swelling suggested 2 signilicant lisue Tesponss
to Lhe sdjuvant. We used Freund s adjuvant in
our study because of previous success with it in
mare immunocentraception (Kirkpatrick et al
19900 ), Less tisse peactivity bas been reparted
far some other adjuvants such as a mucamyl
dipeptide analog, which has been wwed success-
fully in immunoconteaception studies (Saero et
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al. 1989, However, the cfectivensss of such
altermative adjuvants in deer is unknown.

We did not detertnine the duration ol infer-
tlity in does alter vaccination. Antibody titers
in heorses remained elevated up to 8 months (Liv
et al 1589), and we have found persistence of
infertility through a pecond vear in manes given
a singhe annual booster PZP injection {Eirkpat-
rick ot sl 19906]. Alsn, none of our e WETE
pregnant 81 the time of vaccination, so prossibile
eHerts on pregnancy and the fetus rematn un-
known, The gestation period of the white-tailed
deer i spproximately 7 months {Halls 1984), so0
if vaccinations sre given during the sulumo pri-
ar ta the rit, the possible pregrancy-related side
effects would be minimized.

Alihough it is not knewn if the PZE treatment
eHect in deer is reversible, such treatment in
the hugse 15 reversible if no annual booster in-
culation s given {Kirkpatrick et al. 19805, Liy
1 2] 1082L Hewever, there are dala in several
species, Including the rablit (Cryclolagus cu-
niculus) [(Wood et al 1981, the dog (Canis fo-
mtliaris) {Mahi-Brows: €1 sl 1885), and the ba-
beson {Papio sp.) (Dunbar et al. 198%) that shaw
changes in ovarian merphology and junction
amocialed with imemunocontraception which
may lead 1o kenpE-term, prossibly irpeversible, -
fertility,

The proteinaceous niature of the FLP vaorins
provides several distinct advaniages in Lerns af
its potential use as a deer conleaceptive. First,
it ix water soluble and csn be delivered in a
senall valume, This enables remate delivery -
ing @ l-oe dart, as In thiz sudy. In additian,
these darls can be delivered accurately at great-
er distances than larger darts commuonly being
used pow. Finally, the PZP protein i metabo-
liznd prigr to excretion o if ingested, and there-
lore cannot be passed through the [ood chain
vis exorement or vig consumption by huntess,
predators, or scavengers. Hecause deer are prey
for several spocies, steroid contracephives, e-
pecially synthetics which resist hindegradation,
are particularly unattractive as contraceplive
agents for this sgeecies

Anotler disadvantape of using steraid on-
traceptives in wildlife is Uheir potential {or be-
haviorsl side effects. PZF immunecontraception
Sid mat divectly aHect breeding behavior in the
present study. However, some PEPtreated does
disd contimue to evele after not beocoming gocg-
nant, Although our limited estros and breeding
data are inconclugive, these events may have
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coptinued at laast & month longer in some treal-
edd desrs Ve | control does. Thus, trestment
may alfect long-term patterns of bebaviar and
social orpunization. Furthermore, posible con-
ssquences of altered patterns of energy cRpHEn
ditwre in bucks and daes during this time de-
serve consideration.

Liu et al. {1959) reported successiul contra
ception of mares using 3 FLP inoculstions. Al-
though we produced succeniul immumocantra-
ception in feral mares using either 2 ar 3 FLFP
inoculations {Kirkpatrick et al, 1980a), we used
the 3-injection protoce] in our study to masimize
ol eotivensis in this untested specics. However,
development of o single-dase vaccination is es-
sential ko pursue this pathway for contraception
in wild deer. Mictoencapsulation technalogy
may offer the means 1o develop such @ vacei-
pation. This process, which provides o toed
release of the agent, has been used suecessfully
with contraceptive steroid (Turner snd Klik-
patrick LBEZ) and antigenic prolein (Eldridge
et 51, 1080). Even if this issue can be resalved,
other considerations of remote delivery in the
field. such a5 accasibility to does and identifi-
cation of treated versus wntreated individuals,
remain 1o be addressed.
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