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gract: Immunacontraception may have management

dicaton for wivte-talled deer populations in parks and

ganves, wiere hunting is illegal or impractical. This study
mines physiological aspects of immunocontraception

i porcine zonas pellucidas in 53 leribe white-taded does.
eparete studies, we employed of thres and two

zine zona pelucida (FZP) injections as well as two

want protocols using one injection, Each ona-njaction
cination consisted of one dose of porcine Zonas
ucidas &5 in olher protocols plus @ second controfied-
ase dosa of the material delivened via an osmolic

ipump implant or Injactad, biodagradabia polymer
wnsphares. We monitared fawn production for 110 3 years
| doess and measurad serum PZP antibody tars at

ous imes afer treatment in 15 randomly selected P.ZP

g and in 2 confrol doss. Al three-injection PEF does

3 given & single PZP booster inoculation after 1 year

& of the two- or three-injaction doas and none of the
-Injacfion does with 3 minipurmp producad fawns the firsi
¢ aftar treatment, whersas boo Of seven dogs ghen a

e infction with controlled-release microspheras

fuced lwma. In 48 contral-doe breading seasons, the
led incidence of fawn producton wes 53.8 percant.
arding revereibility of infertifity, the incidence of fawn
lietion was 75 percend within 2 years after treatimen
discontinuad. Serum anti-PZP antibody titers wers

inl anly after PZP treatment, and highest titars

Jrred in does given two or three saparate PZP

troduction

purpase of this paper is to present studies per-
wed by our research team addressing immuno-
racaption in white-tailed deer (Odocoieus
infanus). Our feam participated in the 1887 and

1 *Contraception in Wildiife” conferances in
adelphia (U.5.A.) and Melbourne [Australia). At
1887 conference, there were no papers address-
mmunacantraception; our own work in this area
embrycnic (Turner and Kirkpatrick 1931). Al the

3 ponderencs in Demver, CO, there wara 16 papers
wmunocontraception! Since the original studies of
unocentracepdion in feral horses, we have lreated
sammalian species with the same porcing zona
icida (PZP) antilertility vaccine, To date, these
mants Included 157 individuals across 28 species
sptive, exolic ungulates, with 87.7-percent inhibi-
of fartility in 58 ouicomes; and 172 free-roaming
s, with 92.5-percent inhibition of fertility in 133
smes. These numbers provide strong encourage-

injactiona.  PZP-freated dose showing >50 parcent of
mizxlimal antibady fiters at the ansel of a braading sesson
dict not produce fawna; those showing <33 pedcent of
maximal titers did. These data demaonsirate in white-1ailed
toes that (1) multiple-injection PZP vaccination can produce
Corir for at keasi one breading season,

(2) the contracapdive effect is reversible within Z years in
masl does, (3) an elevated anti-FZF anibody titer ceours
after PZP vaccination, and (4] multipte-injection PZP
yaccination produces a sustained antbody response
ihrousgh at beast ome breeding season.

I separate field studies of wild, fres-reaming deer in
{hree locations, wa successiully lurad doas fo within darting
range using bait stations, i hwo locations, we mtampied
and achieved remote delivery PZP vaccination of 60-30
percent of does. In the one location for which we have data
on tewn production, the fawnng incidence was O'1Q, &9,
and B/8 for two-and one-injection porcine zonae pellucidas
and untreated controds, respectivety. In the sama location,
we monitared sersonal aspects of activity, behavior, and
phyaical condition. We also determined thal thare is a good
patential for remote assessmant of pregnancy in dogs using
measurement of pregnancy-apecific slevations of sterold
metabolites in fecal samples.

Keywords: antibody titers, farility control, immuno-
confraception, Odosoilaus wWiginianus, reproduction,
vacoing, white-tailed deer

ment far the exploration of PZP vaccine use for
contraception in wikdiife.

The first study of immunecontraception In wildfife
was In frea-roaming feral horses (Kirkpatrick et al.
1990a). We used PZP vaccine, delivered remotely by
dart, 1o produce greater than 95-percent infertility. The
affects were reversible after 1 year, did not affect
pregnancias In progress, and did not produce behav-
loral side atfacts (Liu et al. 1988, Kirkpatrick st al.
18903 and 1991a). Basad on this success using FPZF
vaccine to inhibit fertifity in feral horses, we began a
series of studles to evaluate the potenilal for PZF
immunaconiraception in white-iafled deer.

Tha PZP vaccine appears to acl by inhibiling
fertitization (Sacco et al. 1984). In mammals, the egg
is surrounded by a noncellular membrane named Zona
pellucida (ZP). The ZF | made up af threa ghycopra-
teins: one of these, ZP3, is the sperm recaptor
{Florman and Wassarman 1985). Injection of raw




- - -—-.l.'u-"l--il'l

o o T

porcing ZP protein plus adjuvant {to enhance the
Immune responsea) into other species causas the
female to raise antibodies against the sparm recaptor
on the ovum. It is hypothasized thal the anfibodias
hind recaptors which prevent sperm binding and,
hence, artillzaton.

Let us now lurm to white-tailed deer. In times
past, white-talled deer populations lived unrestricted in
iheir habital, requlated by predation, resource [fmita-
tions, and humarn hunting. With increasing human
settiement and urbanization, predators have baen
aliminated, and many deer populations and their
habitat have become islands surrounded by human
communities. While hunting has bean the standard
approach to controlling North American deer popula-
tions, It ia illegal or impractical in many parks and
preserves, Furthermore, current management prac-
tices in these places have nol limited populations.

We have undertakan studias of mmunocontra-
ception in white-tailed deer in hope of developing an
alternative tool for management of unhuntable popula-
tions (Kirkpatrick and Turner 1993), We will present
data from our several studies of caplive, unrestrained
deer and from threa ongoing studies of wild, free-
roaming deer. Major Issues which must be addressed
in considering the potential for PZP vaccine in deer
contraception essentially comprise the st of require-
ments for a2 management-useful contraceptive vaccing
for dear: (1) accessibility ta the deer, (2} reliable
treatment-defivery technalogy, {3) high efficacy of
treatment, (4) appropriate duration of treatment eflect,
{5) reversibility of treatment effect, (&) safety of
traatment to deer and environment, (7) sately of
treatment to deer consumer, (8) cost atlectiveness of
treatment, and {3) public acceptance of method and
reatment.

In our siudies, we have attempted to bring
togather the most impartant elements of successful
wildlita contraception: scientifically sound basic
rasearch and successiul application o wild animals in
the field. This unicn has included collaborations with
the Smithsonian Institulion's Conservation and Research
Canter (Front Royal, VA) on deer behavior and social
dynamics; Canada's Pt. Pelee National Park and the
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Ontario Ministry of Natural Resources on access io
wild deer: Fire Island Mational Seashore, NY, an
treatmant in the figld: and The Humans Socisty of the
United States (Washington, DC) on sducation ragard-
Ing urban deer issues,

Studies in Captive Deer

Materials and Methods

General—We examined the effects of a PZP vaccine
on fertility and plasma antibody fiters in sludies
consisting of four expariments testing varioUs prold-
cols of PZP confracaptive vaccine, each with ks own
cortrals. Assessment of contraceptive effectivenass
and reversibility was determined by comparison of
tawn counts in PZP-treated and controd does.  Senm
anti-PZP anfibody titers were maasured by specific
enzyme-linked Immuncsorbent assay (ELISA).

Tha PZP vaccine, an emulsion of porcing zonas
paliucidae and adjuvant, was prepared from porcing
ovarias as described (Liu et al. 1963). It was stored al
—20=C until used in the field, An emulsion of 0.5 cn?
vaccing (equivalant to approximately 5,000 zonas of
64.3 jg of protein) In phosphate buffer and 0.5 cne of
Freund's Complete Adjuvant (FCA) was prepared ant
injected remotely {Turner et al. 1392). All inoculations
subsequent o the first one contained Freund's fncom-
plete Adjuvant (FIA) in place of FCA, In 8 previous
study, the use of incomplete adjuvant in subsequent
injections produced effective contraception with no
vigible signs of abscess al the Injection site {Turner &
al. 1992).

The studias ware conducted at a private, U5
Dapartmant of Agriculture-approved deer facility in

west-cantral Ohio (IaL 41° N., long. 84 W.). We used
53 does ranging in age from 2 to 7 years and in mass

from 47 to 65 kg. All does had fawned previously.
They wene maintained in two adjoining 0.5-ha, grass-
coverad anclosures with 2 3-m chain-link tance. Tha
west end of the enclosures was a solid woodan wall

with an overhang fo provide the dear shafter from coid,

wind, and precipitation. They were fed altalia, com,
oatz, and commarcial food pefiets (Purina Lamb
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Conditioner®, Purina Corp., 5t. Louis, MO). Food and
. water were provided ad libitum. We weighed the does
and noted their condition when the study began.
Health and condition of each doa were subjectivaly
assessed monthly during the study In terms of vigor,

. demeanor, and physical appearance, Each doe was
sarizgged to facliitate remota identification and

- mndomly assigned o a PZP or control group.

Effects of PZP Vaccine on Fawn Production—For
gach of faur experiments, doas were vaccinated prior
o the breeding season, placed with a ferile buck,
chearved for breeding, and obsarved for fawn produc-
. fion the following spring and summer. Details of these
activities are presentad balow,

Antifertility sffectiveness in each experiment was
determined by comparing fawn production in PZP-
treated and control does. The PZP vaccine was givan
as two or three infactions, 3 woeeks apart, or a8 8

single injection combined with a 4-week controlled-
. release delivary of porcine zonae pallucidas. A three-
injaction experiment (begun 1%83), a two-injecton
experiment (begun 1990}, and two one-injection
experiments (begun 1921 and 1992) were parformed
saparataly, with respective controls, Untreated
controls or a combination of does that received sham
injections (zaline and adjuvant) and untreated controls
- wers used in each expenmant.

Each year, injections were begun in October. In
Movernber ar aarly Dacember (3—1 weeks after the
end of PZP exposure), PZP-treated and control does
were placed togethes in groups of no more than 18. A
single brasder buck was placed with sach group. The
bucks were healthy 3-year-olds that had previously
gired fawns. We observed breading within 3 days
after placing the buck and does together, and the male
was permitted fo remain with the does thereafter.

Althaugh details of estrus and breeding behaviar
ware nol recorded, increased activity and restiessness
of & given doe accompaniad by Increased attention 10
the doe by the buck, indicated the onsst of astrus. A
breeding was considerad to have occurred when the
buck mounted a receptive doa and, after 7-13 sec-
onds, the dos and buck separated vigorously (Halks
1084}, Briai mountings {3—4 seconds) wera not

Immunacontreceplion in While-Tailed Deer

considered a successhul breeding. During the breed-
ing season, observations were usually made daily for
15-30 minutes during leed replenishment, around
BEAM and 5P M.

Alter the breeding season, deer wore observed
for haalth and physical condition as described previ-
pusly. Fawning was usually complete by-mid-June.
Different incldences of fawning among groups in &
given experiment wers tested for significance using
hinomial probability distribution (Zar 1984).

In the thres-njection experimant treated does
{n=5) recelvad three separate PZP traalments, three
weeks apart, beginning October 1888, Control doss
{n=6) were untreated. In Oclobar 1920, the above
PZP-treated does were given a booster inoculation
{porcine zonae peliucidae + FIA}, and the above
control does were given a sham (saline + FIA) boosler
{n=4) or ramained untreated (n=2). In order to deter-
mine reversibility of freatment effect, the above control
and praviously treated {1989; 1990 booster) does
raceived no reatment in October 1991 but weare bred
as usual during November-Decembar 1991.

v the two-injection experiment, does (f=8)
received two injections, 3 weeks apart In Novembser
1980. Conirol does (=8} were given saline/adjuvant
(r=4) or were untreated {n=4). The 16 does in the
axpanment were divided into 2 groups (4 receiving
porcing zonaa pellucidae, 2 recaiving sham injections.
and 2 left untreated in each group). Each group was
placed in & separale pasture with a buck of proven
fertility. Fawns were counted in the summer of 1837,
In crder to determine reversibility of treatment effect,
the remaining PZP-treated and conirol does weara bred
without further treatment in November 1991 and
MNovember 1952, and fawns weare counted in the
summers of 1982 and 1993, raspactively.

In the first single-injection, controlled-release
gupariment, six does wara glven one injection of
porcing zonae pellucidas (65 pg) and FCA, and on tha
sarne day an osmotic minipump containing 65 jig of
porcine zonae peliucidas was impdanted subcutane-
gusly in the neck of three of these does. The pump
was designed fo release PZF antigen continuotusly for
4 weeks at an approximate rate of 2.5 pgiday. The



pump group (n=3) and in the saline-pump group (N=2)
for anti-EZP antibody testing. Untreated and
unimplanted doas were not bled. In the sacond
single-injection axperiment, smploying controfled-
relaase microspheres, biood samples were taken al o,
4, and 36 weeks after vacciration from four PZP-
freated does.

Where appropriate, fiter data are presentad as
it the standard error of the means (5.E.M.}. Rasuls
are presanted descriptively, without statistical analysis,
because reeponaes io reatment were marked and
siraightforward in mosl cases, and differencas in
sample intervals and the small group sizes limitad
possibilities for comparnsons.

Results

General

None of the does exhibited a visibly draining abscess
at the injection site, but a raised area of 16-24 mm in
diameter developed at the final injection site on six
does. This response disappeared after 8-10 days in
three of the does, after 2 months in two other does,
and after B months in the sixth dos. We observed

80 parcent of the does baing bred. Subjectively, we
chserved no differences In breading behavior betwaen
treated and control does. During the breeding sea-
sans monitored in these studies, none of the control
does was obsarved breeding afler January, while

2§ percent of the PZP-treated does were observed
breeding through February. Breeding ol wo treated
does was obsarved during the first weak of March.

Parturition began late In May each year and
spanned a 4-week period, with the exception of two
fawn births in July and one in August of 1982, All
tawns appearad healthy and nursed normally.

Basad on crileria dascribed in Methods, does
generally appeared to be in good haalth and physical
condition thraughout the study period from October
1989 to July 1993, However, during this penod two
treated and two control does died from causes unre-
katad to the study as detarmined by necropsy and
bacterial culture. Deaths were associated with a jaw
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infection {a=1), & compound fracture fn=1), and
Clostridium sp. (n=2). One Ireated and one oo
dné aleo died of undetermined causes within a 2-week
pariod,

Effects of Porcine Zonae Pellucidae on Fawn
Production—Across all experiments, involving

48 control-doe (no PZP) breeding seasons, 1 sham-
treated doa and 2 untraated control does did not
produce fawns. The fawning rate for sham (7 of &)
and unireated (39 of 41) contral-doe breeding seasans
was not different (g <0.01), and these control data
were pooled. In contrast, the incidence of fawn
production for the first reeding season was 0 percent
{100-percent contraception) among doss given
multiple injections and 20 percent (80-parcant conira-
ception) among does given a single injection of
porcing zonae pellucidae plus additional pellucidas in
= controlied-release lorm of PZP vaccine. The annual
incidence of fawning among cantrod does ranged from
83 to 100 percent between 1990 and 1993, and tha
incidance of twinning was 38 percent. Over all years,
46 or 49 doe-breeding periods associated with control
does resulted in production of fawns (reproduction
success = 93.8 percent). Thus, the poaled pregnancy
failure rate among conirol doas was 6.2 percent.

The fawn-production data for all reatments are
presented in table 1. Among does givan athrea-
inpection protocol (in Ceiobar-Movember 1588}, none
of five PZP-treated does produced fawns in 1280
while all six control does did. After booster PZP
treatment in October—November 1990, none of the
above five PZP-treated does produced fawns in 1991.
Of tha above six control does, lour received sham
injections and twa remained untreated in 1940; all six
again produced fawns in 1881 One PZP-reated and
one control doe in these groupe died in 1291, In both
1930 and 1881, the differences In fawn production
between PZP-treated and control groups were signil-
canl {p <0.01). The remaining PZP-treated (n=4) and
control {n=5) does were brad In the 1881 rut withoul
further manipulation and produced fawns in 1992 as
folows: four ol five confrods and three ol four PZP-
treated does. There was no difference batwesn

groups (p>0.1).



Tabie 1. Fawn production among while-lailod deer given thres, two, or one injections with porcine zonas peliucidas

Parcenl al dees
Pl Tewns"
Eampls alza o)
Treatmant Years gince - Placato
Experimen “Yivsar {+ ar =) Treatment PFP Controi® Placebo? i & corml
Jinjctian 1983 P D 5 & o 0 100
1850 ] o 5 a 4 | 100
799 = I 4 5 a 75 B
2 injuction 1560 ¥ o g 4 i 0 100
1881 g 1 7 7 1] 20 100
1gan 5 2 4 4 1 75 104
1-injecfionipumg® 1891 # a 3 8 3 i a3
1-injection
mictsinares 1gaz + i 7 T o 20 b

! Faawm production wess: delsmminesd by ohisnsation during May-Sogust tha year
icllowing PTP el

T Conkol = prneaied oniol plRcATo - saiRe and sl

= Piansads il coiined do6s wane pooicd Tor companisons with PEF-reaied
hessey e ke B prrnduction did nod difiar botmessn pladesbo and conliol dosd
[Binamiad bl Tor acually of proporions, p = 0.06)

Among does in the two-injection experiment thal
were brad in the 1890 rut, none of eight PZP-treated
and eight al alghl conltrols became pregnant. The
betwasn-group difference was significant (p <0.01}.
One treated and one control doe from these groups
died tate in March. Necropsy showed that the PZP-
troatod doa was not pregnant but the caontrol doe was.
In order to lest possible muttiple-year effecivensss of
porcing zonae pellucidas, without further treatment, all
14 of the above does were bred in the 1991 rut. Two
af soven previously treated with porcine zonas pellu-
citae and seven of seven contral does produced
fawns in 1992, The between-group diflerence was
significant (p <0.05). All control animals had fawned
by June 25, while the twa births 10 PZP-trealed does
ware June 29 and August 15. Prior to the 1992 mut,
three of seven previously PZP-traaled (two-injection)
and three of seven control does were dropped from
the study for economic reasans. The remaining four
PZP-treated doas, which had not produced fawns
aince the study had bagun, ware brad |n the 1992 rut
and thres of thase four does producsd fawns before
Jume 30, 1993, The othar doe did not produce a fwn.
All four of the remaining controls produced Ewns. The
difference between groups was not significant (o =0.10).
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# Treotmend w8 sngle-ijecion Biosisr ol PZF = agusvanl,

A - PP injection <+ PEP pumn; plaseho - PEP infaction + saiine puma
v 2] 00 ) g i e ).

* Diffwran from podked coniral, based on bieomial iesd for equasity ol
proporlionk., o < 0L05.

Data from the muliple-injection studies in table |
address reversibility of PZP treatment. OF the treated
does monitored for revarsibility, 75 percent produced
{awns within 2 years of cessation of reatment.

In the single-injection, ocemotic-pump experiment,
none of the does given a PZF injection produced
fawns, regardiess of the presence or absence of &
pump or of PZP in the pump. Five of six unireated
control does produced fawns, Statistical analysis was
praciuded by the small number of does in the respes-
tive PZP treatment groups.

In the single-injection, micrasphara axparimant,
two of seven PZP-treated does and six of seven
unireated conirol does produced fawns, The diffier-
&nce between groups was significant (p <0.05). Al
controd does fawned by Juna 30 axcepl the one thal
fawned on July 8.. Fawning dales for tha two PZP-
treated does were Juna 17 and July 14,

Effects of Porcine Zonas Pallucidae on Antibody
Titers—Elood samples abtained from PZP-treated
does in all cases showed anli-PZF antibody titers in
baseling {prevaccination) which were <8 percent of
the positive reference serum value, Le., simikar to
titers found in negative reference serum. All of these

1
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Table 2. Anti-PZP aniibody liters during one breeding season in captive white-talled does given

r

E P70 contraceplive vaccine'

] Antl-PZP artibody tiees

l (3% off positive relarence serum)”

i Poethrpading srago’ Prebrarding samsen

] Praymooination [apels FR-40} ks S8

Mo of does baseling® — ——

Eaperrert titar-1aatad fweansk T 5E 1 sE

. Simjsction 4 B 031 12 727 L

[ —— 4 <B 100.0 oo a2.0 5.2
| rjeclionipumg a &8 76.3 72 F#.5 118
 inactionimicrospheras 4 <B "7 155 19.1 PE
Conkral 2 <B B =R

i Mines wers Waaled in Ol m;mmmm-d thit feliowing.

2 Fozifui raderuis semm, TS0, s e T it o
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1 P rpii-reated doas from 2-Injacion papedima.

PZP-reatad does exhibited titers =33 percent of the
pasitive reference serum value aftar vaccination. Mo
doss with liters =50 percent at the onset of a given
breeding season produced fawns i the following
SUITHTIET.

Specific antibody titer dala ars presanted in abbe
3 | the three-injection experiment, Svar=ge titers
among the four testad does wers 102.1 * 1.2 percant
by & woeks aftor tha initial inocutation amnd weare
72.7 + 16.7 percanl at 36 weeks. Ir the wo-injecticn
gxparment, ani-PZF antihady tars in four treated
dnes averaned 100,0 + 0.0 percant of posilive reter-
pneo sarum & woehks aier vaccination; and 40 weeks
afier PEP vacunation, filers i1 Lesd soile dines
ayeraged 92.0+ 5.2 paroant

peiriminnal plond samples taken fram Iwo o thesa
does showed tiors of T purcom-and 57 percant at
L wadks fprar o placement wirs 8 b, wah HERS
of 38 perpent and 76 percent gt BA wesks Mpithar of
ffipss doss fEAwned. Cne doe thl i e & ks
byt ghicpre e rapnont =P TR srEibr e

12 waaks prior 12 buazsad ey, Ul Lgrg wala 1o M
bear e Fahrusiy anihody data jos this s, 7 NEE weErE
- - T -}
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In the first single-injection study, pravaccination
anti-PZP antibody titers were <B petcent of the
positive refarence sefum hers. Titers in the PZP-
pump group {n=3} averaged 76.3 £ 7.2 percent,

78.3 + 8.3 parcent, and 63.5 + 11.8 percent at 4, 12,
and 32 weeks, T vaby, Titeds in activa (single
PZF injection and saline purmp) cantrol does (n=2)
avaraged 41.5 1+ 1.5 percant, 50.0 + 5.5 peroent, and
41,5 + 12.5 percent al the above gampiing limes.

in i second single-injection atudy, ampioying
rontioflad-ralease microspheres, averans anti-PZP
titers i the jour reated does sampled wers 3.7 £15.5
peroent at 4 wesks and 18.1 + £.53% al J6 WeEks,
Ari-PZF antibody filgrs in tha et PP tragted doas
st produced frwes in s BxpEfImam wraTE 2 (R TOETH
and 27 porpent at 4 wooks, |e:, pror to breering.

Discussicil

iy thie prason shidy, 100 peroant of the doos ghean
rrltiole iniections Of parcine Zonas puliucidas and
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for the first reeding 2eason after treatment. In
contrast, does in combined sham and unireated
coniral groups had only a 6.2-percant average annual
fallre rate in producing fawns. In all casas in which it
was applicable, statistical analysis of fawning data
within studies showed that the proportion of does
producing fawns was lower for PZP-trealed doas than
for control does. These resulis confirm of our previous
repart on PZP contraception in white-tafled daer
(Turner et al. 1992).

The mechanism of action of the PZP vaccine
appears io be inhibition of fertilization (Saceo el al.
1884}, Porcine zona pellucida is comprised of several
glycopraoteins, at least one of which, ZP3, functions as
& recaptor for sperm surface molecules (Florman and
Wassarman 1985). In tha PZP-traated mare, it
appears that anti-FZP antibodies block spemm-inding
sites on tha ovum (Liu et al. 1989),

This study assodialas the prasence of highly
alevaied, sustained anti-PZP titars with Infertility in
dear. Some does were monitored for antbody titars
across one complete breeding season (69 months).
Average tiers appear o have remained highly elevated
{7392 percent of maximal) during this periad in the
does given mulliple PZP injections while average titers
amang singie-injection does never approached
maximal, These results indicate that & minimum of
iwo separate treatments with porcing zonase paliucidas
may be necessary to maximize anti-PZP anlibody
titers across one braeding season.

In & previous siudy of porcine zonae pelfuchdas
in the mama using similar dosages and prolocod, the
lowest pellucidas titer associated with contraception
WaE 54 parcent of the positive refersnce sarum for
mares, In the presant siudy, 3 of 13 does sampled
just betore or during the breeding period had titers
betwaen 40 and 50 percant of positive reference
sarum for does. None of these three does producad
fawns frorm that breeding season. On the other hand,
five af slx does with titers <33 percent at the ansat of
breading produced fawns the foflowing summer.
Although the small number of samplas and titer
variability across the tast animals precluda firm
conclusions regarding the contraceplive threshold for
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anti-PZP titers in whita-1ailed deer, the present data
sugges] that the threshold may be in the range of

33 to 50 parcent. One doe that had a 73-percent ter
12 weuks bafore breeding did produce a fawn the
following June. Because this doe was not sampied

(5 TR

immadiately prior to the breeding seasen, it is possile

that her titers were below 50 percent during breeding.
In this regard, another doe sampled 12 weeks befora
breading had a S3-porcant titer at that fime, and her
titer was 57 percant in November,

The fawning data (table 2) also indicate that &
single injection containing unsequasierad porcing
zonae pellucidas plus confrolled-release PZP
microspheres was less effective in praviding conira-
ceplion for one reeding season than were two or
three separate exposures to the pellucidas (100-parcen
effective). The fact that the contracaptive effect was
less in single-injection pratocols than in mullipie-
injection protocols may refiect that the contralied-
release component was not equivalent to a sacond
PZP injaction. Firsl, the release pattem ol porcine
zonas pallucidas was continuous in the controlled-
release preparations rather than discrete as in the
bolus release provided by a second injection, Second,
tha mulliple-mjaction protocal included adjuvant in
each injection, while in the single-injection profocol,
there was na adjuvant in the comtrolied-release
componant. Monetheless, The partial effectiveness of
tha single-Injecton PEP preparations encourages
turther consideration of controlled release of porcineg
ronae pellucidae for use in immunoconttaception
{Eldridge et al. 1389, Wang et al. 1891h).

The potential value of conirolled-release compa-

e is highlighted by the cheervation that anli-PZP

antibody fiters were numerically greater in does gvan

a PZP injection pius an osmatic pump containing
parcing zonae pellucidaa than in does glven a PEF
injection plus an osmalic pump contalning saline.
However, the small number of does per group and the
lack of fawn production in the saline-pump group
make it impassibla to draw conclusions regarding &
possible role of controdied-releasa porcing zonae
pefucidae in this experiment.




It appears that PZP-mediated infedtility is rewars-
ibla. Eight PZP-treated does in the multiple-injection
sxperimants ware monitored for up fo 2 years after
passation of PZP treatment. Six of these does pro-
duced fawns within this 2-year period, Serum anti-
PZP antibody titer data, whera available, wese
consistent with reversibility: none of the filer-tested
does that fawned ater cessation of PZP reaimant
showed anti-PZP antibody liters >30 percent at the
onset of the breeding season during which they
coneeived. However, imvestigation of the possibility of
iong-term infartility after several consecutive years of
PZP treatrment appears warranted, based on data
which have demonstrated Ihis in horses (Kirkpatrick el
al. 1882).

Mone of the does given a single PZF booster
injection prior to year-2 breeding produced fawns the
foliowing summer. While it may be that ihe booster
maintained the infertility seen in year 2, il is also
passible that tha original vaccination effect would have
lasted 2 years without the booster. The latter possibil-
lty Is in part supported by the results of tha second
expariment. Seven does given a two-injection vacci-
nation in year 1 were not treaied in year 2. No fewns
were born in the first summer aftar the vaccination,
and only two of these seven does fawned in the
second summer after the vaccination, despite the
absance of a booster treatmant. In any case, thase
rasulls preciude conclusions regarding the contracaep-
tve effactiveness of a single PZP booster injection.

The maintenance of ntertility Across two con-
secullve breeding seasons in five of seven does given
the two-injection PZP protocol was an unexpected
finding. However, the limited antibody titer data in
these does corraborated the fawning data, with titers
maintained above 70 parcant for 12 fo 15 months in
both does that were titer-reated at thase times,
Interestingly, the same PZP preparation and dosage
given to doas in the present study was affective in the
mare for 1 but not 2 years (Kirkpatrick et al, 1982).
The fact that the dosage per kg of body weight was
gaveratfold greater in the deer than In the horse may
explain why the antibody titer elevations in the deer
were sustained longer. Studies of other PZP prepara-
tons in various species, using dosages as much as
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tentoid greater than those used In the horse have
reported the occurrence of long-term intertility [Mahi—
Brown et al. 1985, Skinner et al. 1884, Dunbar et al.
1989).

in a previous PZP study in white-talled deer, we
raparted that some PZP-treated does continued 1o be
bred for at least 4 wesks longer than control doas.
The extension of estrus was also observed in the
present studies in some PZP-lreated does, with the
fime betwean end of breading In contred does and
treated does ranging from 3 to 5 weeks. More than
80 parcant of white-tailed fawns are bom in May and
June (Halls 1984). In the present studies of 53 does,
3 fawns were born after June 20, A control dos
fawned on July 8, and two PZP-treated does fawnad,
on July 14 and August 15, respactively. Whike ihese
results do not clearly demonstrate that incomplete
contraceplion causes fawns to be born late in the
season, the subject of breading-period extension due
1o contraception warrants further study for potential
influence on deer bioenengstics and fawn survival.

Studies in Wild Deer

Basad on the encouraging results obtained in the
stuties with captive dear, we began io address the
issues of accessibility to deer and delfvarability.
Toward this end, we entered into three field studies.
The first study addressad accessibility o wild. free-
roaming dear and it was carried out at P1. Peles
Mational Park in Ontario, Canada, in collabaration with
0. Vioigt {Omtario Ministry of National Resources) and
G. Mowland and D. Rieve (Park employees). This
prafiminary study examined the accessibllity of deer to
within darting ranga.

Foint Pelea National Fark is a small natural area
{16 km=, with only 30 percent dry land) focated in the
southwest cornar of Ontario. 1t s tsolated from other
natural areas by urban development and an inensa
agricultural zone. In recent yaars, the park has baen
subject to white-tailed deer densities as high as
38 deer/km? of dry land. Two population reduchons
ware carried out, in 1991 and 1992, to reduce and
maintain the population dansity at about 7 dearkm?.



Before immunoconiracepion via infection can ba
considerad, invesligators must make sure they have
sufficient access to free-ranging does at ow popula-
tion density. To determing this, we establishad bait
stations using apples and whola-koemel com within 5 m
of aclive deer tralls at clearings belore and after the
1983 populallon reduction. Prior to the population
reduction (density = 12.5 deerfim® dry land}, 14 bait
stations wera estabiished throughout the park. Within
5 days, seven stations had daily deer activity, Owver a
period of 15 days. all bait stations were being 1sed.
Random cbhservations showed 44 deer utilizing bait
stations (23 does, 2 bucks, 13 deer of unknown sax,
and 4 fawns), After the population reduction, bait
stations were reestabliched at five of the previous
locations where deer were known fo remain, Within

5 days, all 5 stations had daily deer activity, and over a
paricd of 1B days, 23 desr were sighted (10 does,

6 bucks, and 7 of unknown status). Dusk and dawn
ware the predominant imeas of sighting. Because we
found thal the use of biinds gave us darting accass to
deer within 15 m, we believed the scenano adequale
o attermpl remaote defivery of immunoconiraception.
The resulis of this study suggest that wild dear at PL
Peles can effectively ba baited into darting rangea.

The PL. Poloe deer are among the most wary
and least visible of the numerous dear populations
that we have observed on our invited visits 1o varous
parks during the 1390%. Our results at PL Polea
suggest that appropriately operated baiting programs
can guaraniee access to deer for vaccination in most
parks, W is further encouraging that accessibility was
only tempararily hindered by the occurmence of the
cull, This is particularty important in light of the high
probability that already excessive deer populations in
many places would be culled befors managemant by
Immunocontraception would be implementad,

Iman affort to furthar our understanding of the
vagaries of feld dellvery of porcine zonas pellucidas
10 dear, and in order 1o examine potantial social-
behavioral aspects of PZP contraception (such as
continued estrus cycling and kate fawning), we snder-
took a second field study. In coltaboration with W.
McShea and S, Monfort, we ramolely vaccinaled irag-
roaming does with porcing zonae pafiuckdae al the
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Certar in Front Royal, VA. The Front Royal field site
was a A0-ha fenced area of mixed wood (B0 percent)
and fields (20 percant), The study population con-
sisted of 28 adull, ear-tagged does, 4 bucks, and an
unkriown nomber of fdwns.

The PZF vaccine fraatment consisted of sither
Iwo injections (3 weeks apart) of porcineg zonas
pellucidas plus Freund's adpuvant as dascribed
praviously (n=10) or one injection of porcine zonse
pallucidae plus Freund's adjuvant and a second doga
of the pellucidas In controlled-ralease microspharas
(n=9), as described previously. The nine remaining
does, semving as controls, wers Injected with saline
plus adjuvamt. All injections ware given in Septambar.
Access to the does was achleved by stalking, blinds,
and baii siations. Most of the deer were extremealy
wary and nervous. Best success in darling was
accompiished using blinds at bait stations. All does
wara vaccinaied with a self-inpecting 1-cm? dari fired
from a 22-caliber rifle {Preu-Dart, inc., Wilkamsport,
PA). Effactivaness of treatmanl was delermined by
counting fawns between June and August the follow-
Ing year. Doas and bucks were also monitored for
rmating behavior and activity budgets between October
and March. Delsils of behavioral and activity monitor-
ing are presantad in the paper by McSheaa ef al,
alsewhers in this book. Treatment efiects on lerility,
behavior, and activity budgets are presented below.

Regarding afficacy, none of the 10 does raceiv-
ing 2 injections of porcine zonae pellucidas produced
fearamniz; 67 parcent of the one-injection does and
859 parcant of the untrealed conirol does produced
fawns, All except ona of the fawns produced by the
one-injecton does were borm betweaen mid-July and
ithe end of August. The results demonstrate comglate
effectiveness of the two-injection PZP treatment. Thay
glso suggest that the one-injection PZP treatmeam
inhibited tertility for most of the breeding season but
did nat prevent conception at the and of the season.
Basod on titer data from our previous studies and ihe
lawning dates in the present study. it is fikely that the
anti-PZP antibody titers fell balow the contraceptive
thrashald by the March foliowing freatment.




Regarding behavior and activity budgets, 38 hours
of chservation on females revealed that contracepted
does were more active and spent iess time feading
than control does, However, the average body weight
of treated does was graater than that of control doss
al the end of the winter. These results suggest that for
does, the metabolic drain of pregnancy ks greater than
the metabolic demands of an extanded breeding
saanon with greater activity, During 84 hours of
observations on males, mating accurred until karch,
but mating activity shified trom largest to smallest
males as the winter prograssad. Also, the intensity of
the rut fell markadly atter Decembear. These condi-
tions considarably moderated the energetic cost to
bucks of an extended breeding seasons associated
with PZP contracaeption. While these resulls suggest
that thera are no life-threatening behavioral or ener-
getic consequences 1o a8 breeding season estended by
PZP contraception, the dedalls of PZP effects on thesa
factors nonetheless deserve further exploration.

Remote Assessment of
Reproductive Status

As a corollary 1o the development of PZP
immunoconiracepdlion for wildlife managemant, wa
have been explaring the remote assessment of
repraduciive status in free-roaming wildlife via mani-
toring of sex-hormone metabolites in remaotely col-
lacted urine and faces (Kirkpatrick et al. 1990b,

1981h, and 19%2), Recently, wa have bagun to
evaluate this technology for use in white-lalled deer.
Lising fecal samples collacted from deer studied in the
reports prasented in this paper, we have periormed &
prefiminary analysis of concenirations of pregnancy-
specific steroid metabolites in pregnant and nonpreg-
nant does. The metabolites, measured by speacific
ELISA, wera estrone conjugates (E C) and preg-
nanediol-Jo-glucuranide (PdG). In samples collecied
betwean April 25 and May 21 from does that produced
tawns (n=8) and does that did not produce fawns,
thare was a 100-percent correlation batween preg-
nancy and slevated E.C, and/or elevated PdG. The
E,C and PdG concentrations averaged 10x and 4=
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greater, respactively, in pregnant does as compared o
nenpregnant doas. All does thal producad fawns
showed an E,C concentrations >1.0 ngper g of feces,
while all nonpragnant does had E,C levels <0.7 ng/g.
All but two does that fawned exhibited PdG =7 ng per
g of feces, while only ana doa that did not fzwn had
Pd =5 ng/g. In general, E,C appaars to ba mara
refiable than PdG as an Indicator of pregnancy,
althaugh it is useful to have bath measwes to maxl-
mize the probability of accurate assessment. These
results are generally similar to those reporbed for
equids, and suggest thal this methodology can be
usaful for remole assassment of reproductive status in
wikd white-tailed dear,

Summary

For all treatments in which does were exposad 10
porcine zonae pallucidae plus adjuvant at leas] wice
within 4 weeks, the confraceptive effectivancsss was
100 percent. Our combined data for all one-knjection
protocols shows a 42.1-percant fertility rate. While
this represents better than 50-percent reduction in
ferility relative to controls, we consider the single-
injection efforts o be a fallure. Most of the fawns born
to one-injection does were delivered in August. This
fate-fawning phenomencon, with the consequent
probabie high winter monality of late-born fawns,
makes it essential lo complete the developmant of a
single-injection vaccine with a guarantaed minimum of
1-year efficacy. In fact, without danying the impor-
tance of Issues such as recombinant v natural ZF and
dart v biobullet, it is chear that there can be no pract-
cal field application of this technology without a single-
injection vaccine that is highly effective for at least

1 year. The bioengineering of this PZP preparation is
undar way.

Regarding our continuation of fiekd studies of wild
deer populations, we completed the PZP vaccination
af 68 wild, free-roaming does on Fire tsland National
Seashore in New York State in October 1993, The
68 treated does represent >70 percent of the adult
does in tha discrele population that we targeted. We
employed & two-injection protocol because the sinale-



injection, 1-yr vaccing was stil in development, The
results of this study chould provide useful data toward
the potential use of PZP immunoconiracepton for wild
deer management in limited dear populations,

Conclusions

The studies presented in this paper have clearly
demonstrated that PZP immunocontracegtion can
prevent pregnancy in white-talled deer. A bried raex-
amination of the requirements for management-useful
contraceptiva In wild, free-roaming daer reveals that
our data also show feasibility of aceess to tha daer,
ramola defivery of PZP vaccing, and reimois assess-
mant of pregnancy. Whan deveiopment of a single-
Injection capability is compieted, management of
many urban deer populations with PZF immuno-
contraception should be technologically realistic- I
the meantime, other issues regarding ImmunNo-
contraception must be addressed in the area of public
attitudes and education, administration and pelicies,
and long-term management sirategles (Kellert 1891},
all of which are Influencad by politics, economics, and
managemsnt goals as discussed in ather papars fram
this conferance.

Mambers of our research team have visited
many locations where insular deer populations are
presently so large that the deer have already saverely
compromised thelr habital. Many species of plants
and animals, nol just deer, are now sullering the
consequences of ballooning deer numbers, While:
cantraception may be used fo limil population growth,
it wiill not reduce the numbers presently in excess.
Therefora, inltkal population reductions by exksting
means may be necessary where indicated in ardes 1o
protect habitat for the future and 1o establish a basal
population of deer thal thencetorth may be managed
by coniraception.

while our research team recognizes that wildlite
popuiation conirol |s an impartant issus, the need for
such contral reflects a much larger and buming issue:
sxpanding human popuiation. We balieve that as we
continue our work, all of us in the growing field of
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wildlife contraception have an obligation to help facus
public conscipusnass in this regard.
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