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Intensive population management by means of fertility control has been shown
to change the age profile of a wild horss heed, The primary chanpe hus bean
a1 incremss in the number and percent of older animals, as expected, but alio the
appenrincs of new and okler pge classsi. An expminalion of ditect effects of
Fertilily cuntrol on two groups of treated animals shows a significanl mcrease in
longevily over pon-tnmbsd soimals thal s pmociated  with contraccpsive
treatment. The mean age ot death (MAD)Y was calculated for 128 wild horses
for which precise birth and death dutes weve known, ncluding 56 siallicnd,
47 untres led mares, 11 manes treated with a porcine mnn peliwcida connsceptive
vaccine for [-2 vears, omd 1% mares trested with the seme waocine for =3 Wars
The MAL for atallions (10,3 +0.84 [SEM] pears), and mara traated for 1-Z vears
(10,2 4056, was =gmdlcantly  grewer (F<0405 Lthan for wnimssled m&res
(6440.85), apd sigoificantly <i99% L&E  for mares irepjed =3 wears
(1994 La6), Foo Bied 25082007, & 260 Wiky-Lis, Ioc.
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INTRODUCTION

The application of porcine zona pellucida (PZF) immunoconiraception o
captive and frec-ranging wildlife, for population management kas mereased sinoe il
initial use for this purpese in 1955 [Kirkpatrick ot al., 1990]. Provious rescirch has
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2 Kirkpatrick and Turner

dhown the PZP vaccine to be efficacious ai both the level of the individual animal
of many species [Kirkpatrick et al,, 1990, 1995, 195 Turner ot al., 1996 Shideter
ct al. 2002 Frank et al, 2005] and in managing entive populations [Turmar and
Kirkpatrick, 2002 Naogle et al,, 2002; Deigert el al., 2003; Rutberg el al., 2004 of
captive cxolic and native freeranging species. Additionally, other studies have
dncumented the vaccines safety with regard to pregrant snimals, the reversibility of
contraceptive action in cguids [Kirkpatrick et al., 1991a. 1992, 1995 Kirkpatrick and
Turner, 2002], cervids [Tumer et al., 1996; Maugie et al., 202 Rutbers et al., 2],
African elephants [ Fayrer-Hosken et al,, 20007 and the lagk of 2ifect on foul survival
or oul-of-season hirths in equids [Kirkpatrick and Turner, 2063].

The akility to manage population growth in some mannes, cither by showing
erowth rates, or achieving zoro population growth or even through herd redoction
has been shown ulter long-torm studies [Kirkpatrick and Tumer, 2002; Turner nod
Kirkpacrick, 2002], but several ununticipated phenomena have modified expectations
for managing populations. First, it was not clear at the outset of reseurch with this
vaeene, 17 yveurs ago, just what long-term heulth effects the application of the
vaccine might have for individual animals and how these cffects might modify
population management. Two of the more significant changes that have heen noted
include a significant improvement in body condition among chromicilly treated wild
mares and an increase in new and older age classes at the population lovel | Pumer
and Kirkpatrick, 2002). It has been hypothesized that these 1wo phenomensa wene
related [Twrner and Kirkpatrick, 2002]

A comparison of age classes in g PZP-treated population of wild horses on
Assateague Tsland Mational Scashore (ASIS), in 1990, 1995, and 2001 [Turner and
Eirkpatrick, 2003} showed a steudy shift to older age classes in this population. The
causes for this inerease in older unimals were notl surprising and were assumed 1o be
the result of fewer pregnancies among treated animals and a resulting increase in
body condition, less mostality, and therefore. Jonger lile. The age class shifl,
herwover, was apparent only st the population level and not al il level of individual
animils,

It was the purpose of this retrospective study to examine the relutionalip
between PZP treatment in two groups of aimals of differing oeatment protocols
and untreated animals, and increased longevity. The working hypothesis was thut
increasing kevels of contraception were associated with inereased lomgevity in the two
animal cohors of the study population, and that both treatment groups would show
incrensed longevity over non-treated anmmals.

MATERIALS AND METHODS

Study Population

The study population was made up of [ree-ranging wild horses inhabiting
Assateapue Island National Seashore in Muryland, This population has inhabited
the island for approximately 330 years at varyiny densitics and population numbers.
In 1965, the Maryland portion of the island, comprising 16,081 hectares wus
designated as Assatcapue Island Mational Seashore, under the management of the
Mational Park Service {NPS) and at that time the 28 wild horses inhabiting L
national Seashore were declared a cultural and historic resource and included amony
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Contraception And Longevity In Wild Equids 3

the fauna of the island, In 1988, when research with the PAP vaccine was initiated
with 76 mares [Kirkpatrick et al., 1990, ihe herd populution was 123, From [9RE
through 1993, 46 different mares were inegulated for varying periods of time as part
of the original rescarch effort, and during that time, the herd size grow 1o 156,
Reginnmy in 1994, with the herd size al 166, every remaining untreated mare that
was 2 wears or older was given 4 singhe “primer” dose of PZT* and in 1995, with the
herd See at |73, & contraceptive management plan was developed and initiated, with
an fmmediate goal of reducing the population to 130 animals. For the first severul
yesars the management plan called for the imgculation of all Z-vear old mares, and
booster inoculations of PZP at age 3 and 4, followed by withdrawal of treatment
until the mare produced thres living offspring or & second generation, after which the
mare would be treated with the PZP annuslly until her death. This provided for a
delay in the reproductive age of mares, but 4 conlinuous contribution of genes [rom
ull mares on the island and this spproach resulted in #ero populstion growth almost
mmmediately [Tumner and Kirkpatrick, 2002]. This plan was miodified in 1998 to allow
only two foals after withdrwwal from treatment, and again in 2000 to aflow only a
single foal, largely because there was no apparent decrease in the population as a
result of contraception. By March 2006, the population had decreased to 140 o 19%
decrease) without the need for remaoval of animals,

Vaccine Application

The vaccine was prepared according to the modified method of Dunbar ct al,
[1980] at the University of Culilornia-Davie from 19551997 gnd ut 1he Scicnce und
Cionservation Center thereafter. Delivery of the vaccine was by 1.0¢c Preu-Lasts,
{Pneu-Daart, Tnc., Williamaport, PA) wt doscs of 100 pg, with an appropriate
adjuvani, 25 described by Kirkpatrick et al. (1990, 1991) and authonzed under the
Food and Drug Administration Investigational New Animal Drug Exemption Fike
S T-C002. No horses were captured or handled during the course of this study.

Pregnancy Testing

To asscss pregnancy loss or undetected neonatal losses, 346 homes wers
pregnancy-lested by means of wrinary or fecal sterokd conjugntes [Kirkpatrick et al.,
1990, [991h] between 19882005, Fall pregnancy tates bused on estrone conjugats
anulysis were compared to foals counted the following spring and summer,

Data Collection

ATl animmuls in the Assateague popalation are monitored every other month by
un ASTS cmployee (AT} and duta collected including: 1) ideatification of individual
animals by unigue markings, 2} band affiliation, 3) band location, 4) band habital
use, 5) the presesce and date of new foals, and €) the dute and death ol oliler
animals. Not all carcasses of dead snimals are discoversd immediately, but the
comtinued absence of animals from their bunds is noted on o monthly bass, thus the
date of death on & yearly basts is standard snd in most cases, the date of death can be
noted by month.

The data presented in this retrospective study come From records for 128 hores
fior whese dates of birth and death are certain, covering the period from 1976-2003.
Only homes that lived to be & minimum af 1 vears old were included, to normalize
duta to the treated population; on ASIS, PZP treatment is always initially
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4 Kirkpatrick and Turnes

ardministered at 2 yeurs of age and contraceptive resulls would not becomie apparcol
until anirmals were 3 yeurs old. Horses dying from car collisions, acoidental death by
deer huniers, and drowning by a tidal surge in 1942 were a0l jinchuded m this study,
thus, only those horses that died from causes unrcluted to human activities and
nuturyl disasters were included. The hossea were grouped into four eohorts,
including: 1) 56 stullions, 2j 42 mares that had never been treated with PZP, 3 11
misrea that had been treated for up to 2 years, and 4) 19 mares treated for 3 or more
years. The mean age at death (MAD) was caleulated for each group and compared
to the MAD of the groups and the differences tcsted for significance by paired -test.

RESULTS

The results are presenied in Table 1, In general, there wis ibereasing lengevity
smong individual snimals from untreated mares dying at the youngest ages
i6.44+0.85 years), to stallions, and mares treated up to 2 vears dying at intermediate
ages (103 +0.84 and 10.2 4056 years, respectively, Lo mares treated for =3 wears
{19.94 166 wears), The mean sge af death (MAD) of the 56 stulhows was oot
significantly different from the MAD of mares treated for <3 yeurs (P=0973
¢ = 0,032, but was significantly greater than thwt of untreated mares { P = 0.0006;
)= 3.57), snd significantly less lhan the MAD of mares trealed Mor =3 years
(#=0,005 1= 551} The MAL of untreated miares was signilicantly less than that of
miares treated for < 3 vears (£ — 0,064; ¢ = 2.84), and signiticanily less than the MAL
of mures (reated for =3 yeurs (P = 0.0001; ¢ = 9.67). The MAD of mares treaded For
<% vears was sigmificantly less than the MAD of mares treated for =3 wvears
(= 0005, r=13.92).

DISCUSSION

Age-specific reproductive success for the ASIS horses indcates an incrensng
trend from age 3 through > 6 years [Keiper and Houpt, 1984], This patrern is sumilie
to that seen in other wild horse herds in which reproductive sucoss is low for 1- Tiali |
2-yeur-clds, increasing from 3-5 years and reaching peik reproductive success
between 6-15 years [Garrott et al, 1991]. On ASIS, however, marcs do nol normally
hreed until they ure 3 years old, Afler that point, ferulity rates of 4-year-old mares

TABLE 1. Menn uges at death for Asabeagos horses s 2 fanction of knpth of PP ireafment

A 13 o I
Marea treatmb <3 Mares tpearsd =3
Crrowp Riallions L ntreatsd manes YEATE VRS
Mumber 56 42 11 14
Mean age ot death  10.33" 647" e 19947
year)
SEM {845 ), S 14T 1.0

“Differs significandy from Groups A CD
bDiffers significantly from Groups B,D.
“Triffers From Cieoups A-C.

Foo Biotogy DO 10,1002 200
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Contraception And Longevity in Wild Equids 5

were $6%. that of S-year-old mares were 53%, and that of G-vear-old mares were
(%% [Kelper and Houpt, 1984), which is consistent with the data from the study of
Giarrott et ul, [F991], i western wild horses.

The standard treatment protocol in the ASIS management plan applics nitiul
contraceplicn at 2 years, and boosier inoculations st 3 and 4 vears of ape.
Kirkpatrick and Turner [2002] chowed that ASIS mares treated for 3 conscoutive
years would fake anywhere from 1 1o 4+ years to become tertile pyain, based on
current reversibility data [Kirkpatrick and Turner, 2002}, which would case a
significant decrease in foaling from age 5 to beyond 9 vears, which are the yeats of
peuk reproductive success. On ASIS, a study of 14 mares. all 3 years o older, over an
B-year period and before any cumtraceptive treatment, showed that they produced a
mean of 5.0 foals during that B-year period [Keiper and Houpt, 1984]. Fouls among a
difforent set of 14 ASIS mures, all 3 years of age or older and treated with PP for
varying periods of time, produced o mean of 0.5 foals during their hves, Thus, PZP
treatment at 2, 3, and 4 years of ape con have a significant negative effect an fortility
and foaling, On ASIS, once a treated animal produces @ living foul, she is placed
hack on contraception unil extinetion, further reducing  the number of foals
produced in her life.

The increazed longevity associsted with PZP treatment, in 7 P-treated
amimals, is assocated clearly with two phenomena. reporicd gatlier [Turner and
Kirkpatrick, 2002], including mproved body condition and lower mortality, The
body eondition seores of lactating mares have heen shown to be significantly bower
{han those of non-lactating mares [Rudman and Keiper, 1991]. The

energy Tequirements for u pregnant or lactating marc axe significantly greater than

for open marcs. An open mare Tequires approximately 17.8 mcalfday, whorcas un
|l-month pregnunt mare incresses to 21.4meal, and o k7 meal in eacly
lactation [Mational Besearch Council, 1989]. These values ure for domestic
horses in protected environments and do not tuke into account the grewter
nutrtional peeds of wild horses Living under harsh condilions ur game park
amimals, where weoess to food may not be equilable. Thus, il i3 mot SUrprising
that body condition improves in mares as fertilily decreases due to contracepiion.
The link between increased body condition and increased longevily in horses
is less well understood, but clearly this study suppests same correlution botween
the fwa,

Tn studics of (his nature thers are several potential sources of error. The first
includes mistakes in the aging of snimals, which ts usually based on tooth wear, This
ppproach to aging i particularly tenuous in older age classes. The secomnd source of
srror is found in undctected pregnancies bewause of fetal losses of undetecied
neonatal losses. The third source of error mvolves hasing reproductive success o
pregnancy testing or physical condition of mares, to eliminate the undetected
pregmancy and nconatal loss: problem. This can include the misclussification of
reproductive condition, based on prognant mares strum (PMSG) or blood
progesterone analysis for pregnuncy detction or inferred lactational condition
based on distended udders,

Pregnancy detection using equine chorionic gonadotropin, or PMBG
mesurements are relatively accurste through 100 days of pregnancy, but dechne
after that. Tn a study of reproductive rates of western wild horses [Wolle et al., 1984
PMSG analysis was only 53.7% accurate, probubly because of the listeness of testing

Zop Bofops 1O 111002450
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{August through February), well after PMEG lovels had declined below the limits of
the test, The use of serum progesicrone analysis alone can also lesd 1o indecurale
pregnancy rates. In two studies [Wolle et al, 198%; Gasrott et al, 1991] serum
progesterone analyscs resulled in acouracy rates of #5% and 82%, respectively. The
pitfails using this approach inclode a failure to dislinguish cycling mares from
pregnant mares, and prolonged elevated progesterone concentrations [of woeks to
months after wborted fotuses [Ginther, 1979].

Assessing pregnancy sfatus on the basis of lactating marcs or mares with
distended wdders hus also been shown to be relatively inaccurate. A number of
investigators have reported the majority of foal mortality during the first 1-2
neanatal months in wild horses | Welsh, 19735; Boyd, 197%; Keiper, 1979], thus mares
examined after that period would show no distension of the udders and be
misclassified us not having Foaled.

Mone of these potential errors were a factor in the current stady, where birth
and death dates were absolutely correct and the presence of foals was con firencd by
direct observation. Additionally, pregnancy testing on ASIS is based on urinary or
fecal estrons comjupate analysis mather thanm progesteronc or propeaterons
metabolites alone [Kirkpatrick et al,, 1986; Daels et al,, 1991]. Of 346 horses tested
for pregnancy, 334 proved accurate based on the absence or presenie of foals, for a
R, 5% accursoy rate, Of 12 horses whose pregnancy stafus was not predicted
accurately on the hasis of urinary or fecal steroid metabolite analysi, 7 were falac
positives and § were fulse negatives. The 7 fulse positive horses may in fact have heen
accurately pregnant at the time of testing, und experienced fetal loss later in the year.
Urinary esirone comjugale concentrations, however, decling precipitously within
12 bir of hoss of the fetus [Dacls et al., 1991]. Additonally, urinary estrone conjugats
concentrations can distingnish betwaen pregnant anifmals and cycling animals, and
are wseful from approximately Day 40 of pregnancy (o parturition [Diaels et al., 1991;
Lasley and Kirkpawsick, 1991] Previous studies using either urinary ostrone
conjugates alone [Kirkpatrick et al, 1990] or with fecul estrong COnjugEies
[Kirkpatrick and Turner, 19914, b; Kirkpatrick et al, 1991] have shown accuracy
approaching 100%. In this retrospective study, pregnancy testing acouracy, over 18
years, was a minimum of 96.5% accurule. Thus, in this stwedy, error has been
minimized or posibly even eliminated.

CONCLUSIONS

Coniraception can he effective in managing free-runging wildlife or captive
gume park populutions [Deigert e al., 2003, pnd in the process, longevity of
midividual animuls will be increased significantly, prohably across all specics. This, in
turn, will hive profound effects on the ape profile of the herd, and the intensily of
fertility control application nevessary to schieve any given population or growth rate
goal. At the same time, conteaception will improve the heulth of individual aninals
and consequently, the turget herd.
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