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Effects of immunocontraception on population,
longevity and body condition in wild mares
(Equus caballus)

A Turner! and |, F. Kirkpatrick®*
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Contraception is becaming a common approach for the management of
captive and wild ungulates vet there are few data for contraceptive effects on
entire populations. Maragemeni-lovel treatment of mares with porcine zona
pelucida (FZP} vaccine sesultan in zero population growth of the Assalesgee
isiand wild horse population within 1 vearof initation of reatment, Cantra-
coeptive efifcacy was 90% [or mares treated twice in the first year and annu-
ally theseafter. For mares given a single inilial inoculation, contraceptive
efficacy was 78%. The effort required to achieve zem population growth
decreased, as 95, A3 and 84% of alf adull manes were reated in each of the
first 3 wears, compared with 5% and 52% during the last 2 years. Mortality
rates far mares and (oals alter he inftiation of management-level treatmenis
decreased helow historic and protreatment morality rates of approximately
Bl T new dge Classes have appeared among treated animals {2125 vears
ard =23 vears), indicating an increase in fongevity among treated animals.
Body condition scares for all horses, all adult mares and nen-lactating mares
increased significantly between summuers T958% and acluma 1999 but did not
change significantly in lactating mares. These resulis provide reliable data for
the construction af realistic models for contraceptive management of free-
roming o captive ungulate populations.

Inteduction

Ihe management of tree-roaming and captive ungulate pooulatoas often relies on some form
of contraceptinn. The use of porcine zona pellucida (PFP) vace ine o inhibit fertlity amang
warlons fres-roaming wildlife (Kirkpatrick of al, 19904, 19910, 1992, 1995a; Kirkpatrick,
19957 and captive exctic [Kirkpatrick of 2l 1995k, 1996) species has bean vel! docsmented.
Uintil 1994, =tudies had focused on errl'r.;l-:_ﬂ_‘:i,l”'\.-'?' efilcacy and short-term (= 3 vears of treat-
ment) sateny of the vaccine, ard they did nol adedress thee larger issue of changes among enting
praulations ard long-term safety (= F years of treatmentl. e of the ultimate goals af any
wildlife contraceptive ciforl, whether caplive or athenwise, is to alter entine popelations in
some manner, which will postivele affect hahitat, ather species or the farget pogulabion isel
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In the case of Asateague lzland Sational Seashare, M0 ASIS the Matinnal Park Sesvics
INPS) saught o protect fragite barier island Raliital from & rapidly. growing wild harse po-
whation (Redgers, 1285, 3trililing, 19849, 7990; Furbizh, 1990, 1994) and o protect the health
of the wild Borses themsalves, by lisiting ponulativn growth, while a1 the sape thie gra-
lecing the genetic integrity of the popelalion

Froey P9EE to 1993, hetween 10 amd 34 mares in a total population that ranged from 129 o
130 animals ware treated annually 1o lest e efficacy and safety of the FZFvaccing Ino 1954,
ASES began management-leve! apolicalien of PZF immunacontraception with the shoel-lerm
aoal of stabiltzing the poapiLabion af gr near 106 znimals. This paper repois e efficacy of FEP
contracention owver an 17 v poriod, population Changes over 5 masagement vears, and
associaten changes o moialiog b percentace of mares traated annuatlyand the seocumence
at increased longeyvity and body condition ameng treated animals The working Aypotheses
were Lhat; (0 the puadlation could be stabilizen in < 3 vears: il e body condition scores af
rreaiied meres would incresse; and (i) that annoal effort tu achieve these goals would
reciense over Lthe 3 yoers.

fdalerials and Methods
Management pilan

n 1994, & maragement plarwis developed by the AS15 Resnuiee Management staf o
maximize the patentiol papulation-evel ehects of immunocentracegtion while prodecting e
penefic integrity of the wild s erd A reatrment priorite weas estahiished: e bk aldes
mages {thase wilk theee ving oflEpring or twoor more surviving generalions from breeding
for U vernainder of their lves; i to imit treatment of mares with fewer than o living
eifspring fo no moee than 3 consecutive years of treatment, afier which fwy would be per-
bt to have a foal; and (il o prohibit any trestment af elder maznes with ont livine ofsprine.
The 3 vear limit was imposed hecouse (| wae clear in 1994 that PZP contracention was
reversible athera fevw consecutive anpual frealeents (kifkpetrick et al, 1995a5, hul feser data
were available for reversinility after treatment e lorger periods, The long-term treatrment of
mares wis liberalized In 1998 to bwe surviving alfspring or by generations, whese offspring
was detined as a toal that sureivert thiough is Gsl winler AF the onsct of management-level
contraceptive treatment i anch 1994, e populalion was 166

Imisunaconiraceniian

Comtracsatiar was carrrad et weth FF P vacing, os previously described (Lo e 2l 138%
Kirkpatrick af al, 19903, 19973, 1995; Rirkpetrick, 199350 The vaccine consisted ot 9.3 ml
PEF, at a concentration of b3 jg prsen per 0.5 mi phosphate-butfersd szline (PB3I, amulsi-
fieel i 05 mil of eifer Freund's complete adjovant (IPCAY or Freund's incomalets adjuvant
FlAL FOA wias gsen far T il incdalalion anly and | 1A wes used exclusively thersater.
The total 1.0 mlof FEP adjovand was adminobers] viaoa barhioss 1.0 codart weith g 14 B. 38
o needie, and was dalivered by 2 dModal 193 Prea-Dar™ caplire gon (Prc-art, o,
Williamepon, PAL Ezch mare waz located on fraot o by velicle amd carled al a ratipe ol
2050 m focinject the antigen oo in the Bip o gloteal muscles, Dafls e recovered and
inspEctied toomake sure they had injected all their contents, All mases un ASIS are ideatified by
physical mark ngs ancl caliwa [EEHECTRES and (e T atioms il band afiliations of cach z2nimal
are monitcrad mnnthiy by ASIS parsnonel, nitial realments weere Corted ot in sarch of vach
year, of inAugust or September in the case of mares (hat Tad alieiedy been ested Tor at fegst 2
years,
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in March 19934, there were 82 -mares aged 2= 2 vears, OF thuse mares, 41 badd oeser baen
treated curing the previous & vears of contracepbve esvarch; 323 had been bealsd pesiansly
in thecouse af the research; and eight mature rmares bad been treated proviousbe bud weers ncl
s B treaterd - dgain untii-after they had foaled, The 41 untreated marcs wore glven o single
PEP-FCA inorulation, the aim of which was not to achicve contraception, ot ather 1o
clablish antigen recogeition and therely make them ‘single-inoculation’ animals in prepar
fipn for subsequent management-tevel zpolicasinn of the vaccine. Cine vear later in March
495, all mares desizaated for treatment under the managemant plan were treated with the
P vaccine as described zhove. Two-vear-old mares received onlva single dose treaiment i
1995, Bt in 19%h, the Z-vearolos received an initizl PEP-TCA inaculabca fallovesd by a
second PZP-FIA inoculation approcimetely I wesks later, Al olbver mares included in the
ranagerment plan received i singie bocesler ineculation of FZP-FLA,

Faproductive success wias deterrmirss] as thee bidhecd 5 foal in the year attes irgatment, or 3
positive pregaanoy test during theaulumes mednths after legbment, by analysing cancentra-
tions of harmare metzbolites in wrine and facca! samples (Kickpatrick et af, 79900, 199160,
Laslew and Kirkpatrick, 19910 Contraceptisve effecUvenss was measured by e lack of repro-
ductive suceess during e 1TE mon s alles sach mane was traated

Horhe cordilon s e

The hody condition score of 2ach mare was assessed ong seale of 0o 5 poccnling o e
shape of the rumpand, therefore, the amountar fat deoosited in e mamp arca; O mdicate) an
animal in very poor condition and 5 nepreseniod extemme fot deposits (Ruadran s Bedpee,
19910, These scores were assessed botwoen July arad Mosembse in 79849 ared again in 19099 by
the same method, and the findings were cusmpareed

Results

Cwerall cortraceptve cffectiveness during T958-T99% o fhe animals given sither The
standare double-inoculation pratocol, then gheen a single bogster ipoculadion, ane fie 41
mares given a single-inoculation inftial teatment enly tn 7994, was K8, 759 143 10005 produced
arber 381 freatmenis), The effectivencss of condfaceniian wis D% 134 feals producerd atter
340 treatmentsl when the 47 singlesiroculation mares were exclucied. The contraceptive
effectiverizss among the 47 s ireated vtk single-ioncslation treatment in 19994 was 76%,
(rirse Foals produced alter 47 Ueatmenis)

Fronm 1944 10 Maoch 1995, tha snginal populaticn of 166 horses remafned stable; raniing
baotween 172 and 164 (Fig. 13 T the basis of higtoric popatation increases of 5% annually
i poer wnel Howpel, 19840, the amibesod Boeses o this herd would have increased to 240-260
Far i h 20600 Daed Dorndnde cniracepation not been used,

The pereentage af the ktal number of mares of all 2ges that regquited teatment undoer the
ASIS management plan cecreased from 95% o 52% in 1999 This decrsase was brodigh!
abnut by cessation of ireatment o mares arker they had Tinished e thind consecutive ireai-
mient, s dictated by the management plan, amd by ool mocolating other animals that had
Already been treatad for seversl canscoutive yvoars

The mnrtality rate in the wotal popuistionof mares and fals decreased Petween 1990 and
190% despite an overall increase in population during (al perdad (Flg. 2 During the 4 vears
preceding the irtrecducsion of managementlevel contracepuen, e morality rate tor all adalt
heatss wwis = 10%, and was approximately 3% for foals, Dunng thie 4 years aiter (he statai the
managsment-level contraception, overall adult muntality decreasod o < 4% mare martatity
deappecd k= 4% aind foal deaths were unly aboul 7% The anusuatly high rarality rates in
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Fig. 1. Popuiataon griwesb caree 2or rhe Acseteegiae wild torees, The shara decrease bebween THEE el 1990
vias castdd by e culbieak of Eastem epame encepibaliis, The atserior of groedh bedwern D590 5ad 1954
vera thr resily o additomal maree beong treated during e research phisa of the sedy amd s neated
geathz The projected increase in popelabee without asateception, begioniog in 7994, was based an
Risteric fozling amed ooitzlity data
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Fim. 2. wicetallog sxigs amory Sssaleague wild horses. |l rusoally Digh races o PRI aad 190052 wéce the
rosulk af 20 Fastermn cquine cnoephalitic nuthanak and & arge rarehier rdstarm-reloted disaths, aeipdivsdy, O
Tedal pesmraliativn:; 2L mares ooy W doals only,
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Wiral
Fig: %, Changes :n Bie age class strschuee 24 the Assabsagos wibd home berd . Tl matked charga in
populition frends epween DG and TOO0 wss B collectivg reeolt of hoose rermmeals, an aotbrealb o
crpeira srcrphaldis, Formception ol 20- 33 mars fur eseaich porgeses o stormeelanss desths. B
Aae =10 veans ] ape 11-15 veass; Bl age 1620 vram; B age 210 25 wears; Srape = 25 veaie

THSHT anel 1990 were the resull of an outhreak of Eastern eguine encephalivs an the dsland o
195 band severe starms in 1992, The 129 and 1993 mertality rates were el amil sepre-
sprtative of the B-vear perind betore the start of irmmursoacontraceation (Keipes ancd Haupt,
18984

Changes in the age claszes of the entire herd shifted upwards, indicaling incressed survival
(Fig. 31 These changes woere nat just an expocled inoesss in the age profiles of the treated
Rerd, but rather animals wene reaching new and - aldler age classes, Indicating incredsed
longevity, The chame was groater armang marss Than stallinns, with the former accounting ror
B3% of the astimal s reaching e Te=25 vear aroun 1n 1993, anc 67 7% of the animals reach-
ingt, the same age graln in karch 14954,

Body cusdition scores were sianificantly higher in 1999 thar 1986, For exgmple, the
rrecan + e scores for ol harses in 1999 and 1988 were 3.04 = 0,00 and 2.47 = 0,43, ros
prectivehy (8= 2 E5, 46 d0 P = 0u00ad).

Far all adull mares, the mean hody condition scores were 2,96 £ 000 and 25323 + L35,
respeciively (0= 4,00, 31 df,. P=0.0004) for these 2 vears, and for non-lactating mares the
womires were 3,07 L 0005 angd 242 = (138, sespectiviely (= 57T, T8 o], &= 00007, How-
et by by ¢ cndition scores for lactating femzles did not diffocsignificantly bebaesn 1999
anif 1988 (2.0 = .55 ane 1.96 = (.60, respectively; t= 1.0, 4.df, # = 04775

DHscussion

Contraceutive officecy afier management-level treatment with FEP was abail the same,
spprosimalele G0, as in earlier research trials with the ASIS horses (6 dapatick ef ol 19908,
1997, T9%5aandd coptlve and Wild cervicls Turner et 2!, 1992, 1990; Mosbeg af ol 1997
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Ihe high degree of efficacy ot the sinels-inocufation reatment Biven b the 47 previnasly
untraated mares in 19%4 (78%) wins upexpecied, and was orohably 2 result of three facions,
Firstly, the initial inaculaboms weens given in March, just betare the breeding seasos, Keipes
and Haupe (120840 shicaved That 73% o ASS feals are born betwseen Apsil aard June, sothal the
single imneulation of the PEP vadcind in March would anly neern 1o simulie canfracealive
artiedy fitres fon & period of 3 months o achiove sianificant irhibiticn o teilice. & seeood
factor is thiat wild horses, anlike white-Lailed deer - do not appear 5o nave an axtendesd] lros
ing sedsan dler contraceplion. MoShea o al 119971 demanstrated that the bigeding seisom ol
PEMF-edled white-laifed deer can be edendad by ag moch as 2 moalhs. o contrast, it was
demonstrated thist wild horses have a very discsste hiseding seasen thal decs not appear to
engthen even when nutritional planes are increased or pregnancy does not resalt (Kirkpatrick
arnd Turner, 19831 Thue:, the anset and cessaticn of e browading scazon for ASIS mares are
rigidhy set and were nntexiended by Confrg epidion,

Acthire possible reascn o the success of the s le-imoculation meaiment was the use ol
FCA Az the adiuvant. This paticula azlivvant s conzsiciered widely o b the bess availalile
with regard i the ability b 2timalale sigribicantantibacdy titres |Lesnaars 26zl 19945 Theayse
of FOA s contra-iadicaled in some ather animal species because it mav caise lalse posilive
tunerculosis fesis, el as oo definitive est exists for eguids, FCA Ras no health testing
implications i Iprses, Some conerm bas beon expressacd over prssible abacess arration
resilbing from the wse of FCA However, artar 381 treatmedits, qnly b ahscesses wene noted
arricn the treeted: A5 animals, ore of which nccurmssd aner ealiment weeih FIa rather than
FCA. In hoth cases, the ahscessas were < 2.5 cm in diamelss aned thesy drained arud redueed
within a week of formatian. We atiribute the law rase af abscess ommatios oo the exelusive
incculation into hip and gluseal muscles rather than the peck s les, Tnoather species, the
atjuvisnt of chotee is medificd Freund's Adjuvant iCalbiachem, La inlia, CA), which o fonge
resielte i false debesculin tests and which appears to impart contraceptive afectiveness whan
piven with PLEL L Kickpatrick, unpubiished;.

Both the B0% offectiveness of the PZP contracaptinn owver b vears ainel the unespecied high
efficacy ar the single-inoculation FEP-FCA freatment regonen o 7994 are imporlint
chservations when considering the developmant of populalion macdels e captve ar wildd
ungulaie fetifite control. Estimates of comfracentive eificacy in Fe naal bave been hocretical
iCarrott et al, 1992; Hone, 1952 Carredt, 1995 MeCullough, 159948 Soller ez, 194971 bl
these data provide a sound factual bazis tor using & 20%, efiactiveness fiacre. Inosdedition,
herds of wild Forses will exist where the sdministration af teo maculaticns in e st vearn s
not gasy or even possihle, wherezs z single innculation may e feazible, The conlmceptive
efficacy achieved by the single imaculagion, i given n Sach, provides adeitional kit Ton
ppuiation sroclels,

The effect of controception on s welal ASS peaulauon bes been marked, with
achievernenl 0f cero-population groseth seilbin tho-Siest, year of management, snd continued
et 5 owears, Dverewethin an estremely consereative management plan that permits 2 certzin
Pl ol sueresaiu] msproglocton e genetic peasans, 1w poessble wstaluliee groweth of the
B and tharebsy et the (st managssnent obectve,

Flie Gai e (o reclie e the stze al Uhe popoladlen afksr 3 pears Ghmanagermenl lesel tealimen)
has thiee alwdious €oses, The first s the tairly canservative eabment schecote, wehich permils
Aoy level of sucvessiul reprandfuctinr b ensute gensic intearity of the heicl I ensares shat all
mases have an ecual appetusity toomake 3 genstic cantribution to the herd by permitting
sornp repioduction, A secoad cause s e increass] longeyity noruriing ameng the teatad
mases, [t 5 0 be expected fhat the mean age nf a peaulatian undermpoing managesent by
contraception will jncrease anc that the percentage of animals in cloer age classes will
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increase, Howsver the cestion of enbirely e age classes within the population wes
unexpected, The cessation of Toaling and kactation 25 a result of contraception, particulary
armmong older manes, wisich wene already Inding hody mass a3 a result of the ageing procoss,
was associated with the attameent of new andl alder age classes, which, in turn, will delay
mnrtality. This increase in lungovity Bos ieeportant implications for the use ot immuno-
contraception in wild aml caplive ongulates. Baslcally, contraception can stifl be uscd o
decrease the size of 2 hord, bul the lime nesdsd tn achieve a signiticant decrease wall e
longer than originally thought, paticubarty when there is concern about the genetic infeyrity
of thee herd It Cage of the ASES ferd, significant moetality due to ageing has been delaved
end significant decreases in population size will oot occur until @ now fage of moitaline s
reached, On the basis of avallaile data, this sew mortalite peak will probably cocur begeesen
20and 23 vearsaf age, rather thareal 1520 years,

Thiz therd regsars for Gl to secluse the zize ad the population rapidly relates womosalils
rams. Sormally, as pooulation size increases inomost mammealian specics, mortality, and
prarticubarby ettty of the volng, also increases (Cheistian, 1977 Krehs, 1975, The coposils
seprania fas necurssd on ASIS During the years ab mansgement-leve] contraceprion
(1994 1999), the population remainod static, but between 1985 and 19%4 1L increased from
| 26 10 166 Thus, momality rates shoutd bave incseased correspanidingly ar & least remained
[l same. The tendency farreduced marality was primarily armang mares; indicazng that the
selisctiom in physiclogical stress from not andergoing presmancy or laciabioe anceriies the
Migher survival rates in this groug. The reduction in foal morility = hardsr (o explain, bul may
b related to beter body condition of the mothers. Assateague Lshist] ts a harsh nvironmeant
anrl an earlier study of hody condition of all ASS horses (Rudean and Ksiper, 1991 showed
that adult remales and nor-lactating adull females were in e o good condition, whereas
lactating fernales were Elagsedd as thin In 1999, by cormparison, scores had improved to fat for
all harses, including adult females and non-lactating temales. Clearly, something had
improved body condition (0 e ASIS horses, despitie an increase in the number of anirnals
This finding indicates thal continied cantracention hac a positive affect an body conditen
scores and, by implication, tae hisdth e barses.

The effort necessary weachnive the desirecd degres af change in the population within the
cortext of this manaeement an is cleaiy intense during the tirst-2 vears, bot alier this Lme
thi ol necessare o mainiain the ertect decrzases as a result of the long, interval Betwesit the
Lasl af the thiee consacutive treatments invounger mares snd B tme atwlich they praduce
their first post-treatrment faal. Apart froms 2 redoction in the number ol aniangl= o he treated,
the timing of the treatmeants (March versus Aupust increascs oflicience I March, there are
fev hamars on ASIS and cven fower an the marshes of b eland, where 1he borses spand
mioat ot their time. At this time of yoar the borses ae exiremely wary of humans, so successrul
treatment reguines bours of sffort for coch herse, 1 appears Thal afler 2 consecutive years o
treatmest, the third treatrrent can be carcied aut in August o September o probebl atany
tirne of the vearn and Fe contmceptive efect willestend throughout the fellowing brosding
seasun. In Augist and Sentember the horses spend much of their time on the beaches i avaed
necets anel ever in the camping. areas inoclose assaciation with hussans. Thus, reatmest
regquites moch lesseffoat than in March,

Ther reduc b i efiorn may ke temparany. The management plan was lhecalized oo permit
the long-werm reatment of mares with only twn surviving offspring 1o avoid esusgent
brecding Hawever, even wilh that added burden, the nenw and aider mcrlality sge of an
increasing number of manes s aporoaching and the death: of these animats stould reduce the
annualeffort sogs i balance the incressefiam e need th treat a preater numbses ol younges
MiEres.
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Conclusion

This sty of 5 years of Ireatment under a management plan pravides the fist population-leval
clatd for canfraception in wild borses, and may be usefiil in developing new models. Previnus
manclels have not secounted for changes it age class structure, morlality or the degree of effort
ettt Lo achicve particular goals. Models can now be refined and impraved on the basis af

ihimses clati,
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