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ABSTHACT: W compared three feval sterdd owstabolite: wssips for their nsetfuluess o detecting
ey sy, free-roging Bocky Mountuin bigherm sheep (Onin conalersis canarimsis} from
'ﬁ' HALA Lu.l.'m.m. Mational Becreation Area, "."t:p::ullll:ll.:-I amicl Meomtana {USA) and o |.|.".-1'|w ]1t§]1.ﬂ1’.|
cwos sl TooMontana fn Billings, Montan, Fecal swmples were collected fron 11 fresrmaing,
raclko-collared bighom owes in kbe January—May 2000 and Froan 20 Tree-rging, rcdio-oolbred
cwes in lnte March to mid-May 2002, Free-panging evcs wore monilosed he: lollowing spring to
determine whether or not they lambed, Tn addition, tam captive owes wore studied al Foo-
Montuna, Yith three inms, frec-ranging bighom ewes that produced lambs had nonspecific
progesterone mietidudite {iPAC) levels of =1,800 ngis feces and PG lowcls =7.000 ngfam (oees
whirn Ju.mtl'll-e': were eolleoted hetarmemn mr'l'l, Mive n11.r] mld-"l.-'l'n} Eamples onllected exllor 1n
the: year wore inconclusive. Ome false negative was suspected o be the sesult of sample collection
ereor. OF the captive ewes, nonspecific echinlee-glienromide (PG and (RAG fallowed a
pn':ﬁrﬂ'ﬂ]'llr murve snver the conrse of She 'FHLHH. r [m:-gnnrmjrs We eoncludes Hat estrome com |1-
gites ure nok nerful inodia NOsig. presrmancy, h‘n.l-m'-."r teeml steroid nnalysis of P andd i
= b el fo necumstedy E-h"rrn ancy v e uehve functon n higtharm sh 'Thl.:-
Imid:lﬁ;rwr potential ox a neniasive e E wicpe For s andding the role of reprodyetive disease

i wikl bighorn sheep.
Ky worels,

ELETENTE, PRI

INTRODLUCTHOMN

Dreveloping noninvasive techniques for
gathering biological Information from
wildlife is a g:‘:u] of many wildllifie HGEEETS
andd bicdogists. Handling free-ranging wild
animals causes. stress (Delforpe,  1976),
may disrupt reproductive cvents (Ballard
and Tobey, 1881; Larsen and Guauthiar,
19849), may confound  endocrine  stalus
(_Ki.ri;lmh'i:ﬂt af ool H:.IT'F.I':I:_ eed o l:u-:
abresahil el 1.[.'u1gm.‘-|_m.=: ey lunaminiers ['E -'-\L"ill"}l'
and K‘irlqml'ril:'i-:, 1981 ). Exnluationg of sex-
il matrrity, tertility, and reproductive sta-
tus are uscful and noeded by menagers to
predict potential success of a population
and for making gencral management de-
cisions. Measures of reproductive success
are also wselul tools 1o help determine the
health of a population (Lasley aml Kirk-
patrick, 1891}
hunctiom and reprodoctive soecess in froe
ruring wildlife by means of fecal and wri-

Momitoring  reprodactive

Anival reproduction, bighorm sheep, femling monimvasive, O cenralensiy son

[THTES elesrnicls T £l [:H'll!i.'-'r'lli:IE [EY 1|||..ll.-'i|:J.|.-=
valuable information on the overall health
of the population without the danger and
stresg of handling animals,
detection by fecal steraid
analvsis has been successfully applied to a
host of ungulate species including moose
(Aloes alces; Maonfort et al., 1992; Schearts
el al., 1995), mushkoxen (Ooibos ineeches-
teez: Desaulniers et al., 19579, bison {Bison
Bisen; Kirkpatrick ot ul,, 1992, 1953, 1996),
Eapuws spp. (Bemberg ot al, 81 Kirk-
pudrick et al., 1981 Barkoft et ol 198G
carrileann { Bangifer foranaies: hessier et al.
15800, amd bEwk chinocens (Diceros i
SIS EEI"LII"!!-I'!}' el ol 1997 Safar-Hes
monn et al. (1987} reported using nonspo-
cific radioimmuonoassay i four specics
(red ban ko Ii"f:_fr:l..l:t'l’.ll!. caffor nionns | vak
! Beas mraeptmes ], G r:-'l.-'.!.r!: vzl 'F..rpu.r.'-. greanyil,
and Nubtan ibex [Copra #hex ﬂuij-ﬁum'l"'
sucoessfully. Fecal sterobd metabolite anal-
vsis also has been used swecessfully o di-
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agnose prograncy in desert highorn sheep
and liocky Mountsin highorn sheep (Chais
conedensiy] using a nonspecific assay for
progestorone moetabolites | Borjesson ot ul,,
15996) and multiple sampling, The assav
used in Borjesson et al. { 1996) was for me-
teboliles related 1o pregnanediol-3oe-ghi-
curondde  (PAG, muplﬁd wiith |'|'||.III'J{'.|iE
samples (o samples collected 2 wis apart)
from 64 days or later in gestation. The
Borjesson et al. (18996) method proved to
be LK% accurate. But not all wildlife
managers and biologists have the time to
conduct multiple sampling,

The current bighorn sheep (O, conaden-
iz cangdensiz) population of Bighom Can-
yon Mational Recreation Avea (BICA) Wy
oming and Montana {USA) is the product
of several relntroductions to the surround-
ing areas (Coates and Schemnitz, 1989),
Following a release in 1973 and
rabes near madmum potental of 19.8%
per year, the population grew to an osti-
mated peak population of about 211 ani-
mials Im 1993 and 1994 (Kissell et al.,
1056}, The populston began to decline
rapidly in 1595 and 1986 Kissell of al,
(1996} noted low ewelamb ratios doring
the: clecline pFLu:u:. T E:u_li_mlul'iull 4 r:'tlll._'p- 1%
estimated at 100218 [Schoenecker, wn-
publ, data), Understanding the reprodoe-
Hives 1;|_1_,l'|m|:r|i-|,:'¢ -::ll"lh.i.-. hiesre] geanlel |}E]E:l -
agers and biclogists better lentify cioses
for the population decline and monitor
current fertility and fecundity of ocs,

Onr objoctives were to 1] imeestigate the
accursey  of single-swmple fecal  steroid
analysis to predict pregnancy mtes in free-
ranging Hocky Mountain bighom owes, 2}
compare the accurscy of three different
foeal steroid metabolite assavs for ditee-
tion of pregnancy, snd 3) quantify either
cmbrvonal loss, late fotal loss, or noometsl
[ewi: im0 Frese FITIE e ey ll_'|.' CEATIgHAring
preguancy slatus with lambing stiatus.

Ehudy area

Free-rmging bighom ewes were stod-
ied in BIGA [A5T5N0"N, 108137007
Tipdasrn l:ulr_w,lll i% o Mabonal Park Semdee
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Limit that eneircles g 1 l4bom long reservoir
iri semthewstern Monsima and north-oens
tryl ‘-"r":,rmnirhr:'r O oates and Sehemnit,
1889}, The sheep ranpge also extends into
portions of Custer National Forest, Buo-
rean of Land Munagemeont lands (Pryor
Mountaln Wild Horse Range [EMWILLR]S,
and some Interspersed private lands in
East and ¥West Froror Mountains, The park
is dominated by Bighom Canyon, a lung
CATVOI formed by the Highorn River A
dam near Fort Smith, Montans, formed
what is now Bighomn Lale. A strong pre-
cipitation gradicnt in the park provides 15
cm of rainfall aunually at the sooth wp-
streum end of the park aned 4% cm at the
north end {Knight et al, IB8T). Vertical
canyon walls where bighom ewes lamb are
up to 1,700 m high, contuining linestone
coves ared telus sil:_:-'p-r_-.- Mosmtain slopees
are forested, but alpine-like meadows, dnye
land flars, wnd less wepetated canyons in-
torsperse with forested arens (Gudorf e
al, 1996]). Elevations range from BOD to
2500 m (Gudort et al,, [B9A), Sails in the
procipitous canyon areas originated from
sancstone and Bmestone e dofoonite i
Hie 11|::|1|111'ﬁri11-il1::|r|.-:- e I:Kﬂig]'ll et .E.l..,
1987).

Vegelalinn commiunities in the park and
surrounding lands have been catogorized
by Knight el al. {1987} and include desort
shrubdand, .-::*Lge-hrn.-ah steppe, basin grass-
land. Juniper woodland, mountain mahog-
I;I.'I'IF' J"I.]'I'ITFI:T wnu;rdhm-ﬂ rlrllll'll:l.ll Ilfll.t I_Hl'll:lr
erons woudinnd,

Lammg cold winters and bot :JJ}' AR
charcterize the clivnate: however, dives-
sity in peosraphy creates ruﬁjlf_'..' varlahle
wesither conditions {Cudort ef ol,, 19096).
Semiarid conditions along the Dry Head
ured of the park are contrusted with sulb-
wlpine monecs st higher clevations in the
Pryver Momintwines.

METHODS

Fres-runging e wire nndio-collared or
fntlividoal identifiestion aml  redio-trackiog

monitorin Fehrmary 20 and |ansary 2001,
A win éen] mmpl‘r s cosllectes] En:m irndi-

vidsal Fresranping highom ewes i lube funo-
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iy -y 2001 (n=11) and in fabe Murch-May
A0 (p=920]), Flebd obserrs ased rodio collass
tey find e groups and then waited oot ool-
Tarend ewes defeeated. Cenerally observers were
ablr to et close m,:l:lgh b Ewe P b ol
serve feusil dieposition with the el eye O
rasiomally ohservers needed o we binooulaes
tor obmerve ewes, In which case they wonld drma
s map af the group ard lendmuks while warch-
ing tn he able Lo verlfy the ideatity of the fescal
sample. Focul samples for which observers
were not 100 sure of the ewes idenlity were
mol used ineur asahos, Feod sampbes wers
collected in plastic bags, Inbedes] by indivichasl
roee (rachin oollar Troe MY anacd b}"l-'l'!l'trl:l-lu:'. el
dote colbected. were frieen and senk
to the Sciepos Conserealion  Center ae
Foaontana [Tllings, Mootisa) lor prognuncy
determilnation by feend sberoid anakysis. Ewes
were then conllared By sither boat s,
g.r'l.lund Lracking, anchior fived-wing aircraft e
ery & whk o determine lanbiog sucenss charing
the spring lambing season and thronghout the:
sunnener | by nber).

Lu order to onderstand the sorial chunges in
fecal aberold metabaolites during the eourse of
gestution, focal samples from (wo prognant eap-
fve owes at ZooMontane were  collecbed
monthly froen September o parturition in May
Approdmite conception dates for the two cap-
Heer povess were cloilated by coumiting beack 150
4_']5.}-.: fron Pt urition chati,

Froal sunples were kept frozen ak — 7.2 C un-
til the time of extraction end asay. Thewed wet
froes (05 ) wore placed in scintillation vials
with 5 ml of extraction boffer. The extraction
bffer consizted of 450 ml enmyme immusoassay
[FTA} boffer (342 g NallPO,H20, 506 ¢
MaHP;, 8.7 g NaCl, 1.0 g mckinhsmundasssy

s harvinee serum albomim in L0 Tites dHa0O0,
A ml EIA wash solution (87.7 g MaCl 0.5%
Toveas-20 i 1.0 Bter dHEGO and 500 ml b
performance  Tigquid chromatography  (HIPPLL)
!{wl-: inethanol. S w ware vortexed and
5 n for 30 min and stored al —15 O owver-
niiyght, vorbesod again in the momiugg, ol shalken
for ancther 30 min. Swmples were Lhen contri-
ansd the supermutunt removed and Froeen
unikil assay

Fecal cxtracts were asaved by EIA for pro

ronic metabolites: velated o PAG and o
trachio] metabolites, for estrome conjopates
(Eqls as desoribed by Shideler et al {J.%‘Bl’r.
ancd for immunoreactive pregnanesticl ke pro-
grsterone nietaboliles (P4 ns I:.E-'EIII'LbHi"b}
Kirlkcputrick et al [1991), Quantities of fecal ex-
tracts were 200l For PAG and iPdE s 40 pl
for ByC. Awsavs were validsted for bighorn
shoep by menns of besting habving dilations for
porallelism g the slandand corve. Repnaduc-

Arh

ihility «of assays was caloulsbed by determiniig
inter-assiy and intra-assay varistion, The ans
bodics for PEE and B amus were P70 ond
R543, respectively (oonrtesy of . Munrs, Unis
versity of Califormia, Thavis, Californta, TISAL
The mml;m&{ for iPAG was Ab 12841, rabsed
nst WE-h wy-4- oEnon-G-tare-3 oslma
Earivjdlad hy ﬁﬂ:u{-ﬁuﬁlnu_ Morthwesters Uni-
versity School of Medicine, Evanston, Ulinots,
USA) Cross-resctivity for the estrome oonju-
agsay fn netrone-d-ghacuronide 1009, es-
trome-3-suliate AA.6%: eqlrone 206%; estradiol
17h 7.8%: estradiol-3- gheeuronlde 53.8%, estra-
Enl-F-sulfate. 3.9 ather sterokd] Tetabio-
Fites i1 % (Munro et al., 10891), Cross e
tivity for the PAG assay is PG 1005 20u-ley-
drazsy + BT pregn-nnﬂkiul T 5%
all ather storoid metabolites <0.00% {Shideler
el al, 1991 ), Cross-reactiviy for the iPdC assay
i Blo-hodrooe-d-pregnen-J-ome  100%; PdG
1645 thx-ih{r]rm}-—-l—prcgﬂﬂnﬁlnTIE-L’I—LI.Hlm-Et
£1%; 20R-Tyx SR-pregnan-denne L0, Do-
pregnans-3, il 4%; progesterone 2%,
androstermme (3%, all other stermoid oeetabo-
Tites =<0.1% (Shideler et al, THR3
Bosulrs are given in /g of wet feces. Til-
lerenees in mean  endocrine  comeentrations
worr: tesbed R abgnifieance with tee Mann-
Whitnery ruok sum fosts.

RESULTS

Serial l'ml\rirtg dilutions of focal bt
from two captive and two sampled free-
ranging cwes revealed parallelism o the
standard curve for all three assays, The co-
eflicient of variation for intra-assay vario-
tion was 6.0% (n=16), 3.8% (=19} andl
815 (=200 for PG, EpC. and i1, re-
spectively. The infer-assay coefficient of
vartation for PAG, EpC, and iPHE was
Ga% (n=32) 28% (n=40), and 11.0%
{n=32), respectively. The 50% binding for
the PG, EC. and iPAG ELA stundard
enrve averaged 4 ng, 21 pg, and 4 ng, re-
spectively.

Approximate concepdion dates for the
captive gwes st ZooMontang, " Princess”
and “Jan” were 11 and 18 Novemnber, re-
spectiviely. Fecal comeontrations of 1PdG
rose steadily from conception until partu-
ritiom with ranges of 5,000-15000 nge
praviding a clear picture of aeglatiomal
progress in kst captive maes {Figs. 1, 2.
Feeal ED concentrations did not increase
m'ph,ﬁ}' wril albar ﬂn}'ﬁ By-72 al gn—'.-ﬁl:atlu'u
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FIGURE 1. T‘Tn[gnnnr:rllnl-ﬁ-qllmlmﬂr s,
immnnorenctve pregnanedicd-J-gluoersaide (PdC),
wnd estrone comjugote {EyC] leveds throwghont preg
nuray of captive baglvorm shesp, “Jan” ot Zookiontano
in Billingy, Mot in 2002, Resubts are mngg wet
Fesces.

and then declined from days 7393 untl
parturition, However the range was small,

from 2 to 13 ng'y fooos, providing an ac-
curate picture of prognancy only for ap-
provdmately days TO-80 of gestation, Focal
PG concentrations shoeed Tittle increase
throughout pregnancy, ontil sfter deys TH—
23 of gestation, atter which the mnge of
incresises wis relatively small. Roth P
uned PG comesnitmations Frrw'_'ll:_l['.l:l BT -
surate indicator of pregmomey os ewrly as
2R |:l'.'|_1.':t prstconception, asing 1500 na's
andd 8000 ngie, respectively.

Ire i"rﬂﬁ-r.'mgirlg ewvess, the mean (LSFEM )
concenteation of iPAC in ewes e which
lambs were seen was 23.266+2 817 nglp
wot feces, as opposed to 105922627 in
eweg that did not have lambs at thedir side.
The difference In means was sipnificant
(FP=0.0044]). In 2001, there wag one (Elea

vo, hased on an 1PdG concentralinm
of 7,485 ngg wet feces, and one test was
inconciosive based on an iP30 concentra-
Ligwrn o T F0GE rlg'."f_l; otk Feeres (MTable 1], l‘rr_-g_
REETHEa Y i the other mine aeimads wis pre
dicted accurately (Table 13 OF thiee lree-
ranging ewes sampled in 2002 that were
predicted pregnant on the hasis of (PdG
concentrations [22408, 15,168, amwl 32,5458
ng'g wet feces), two were seen withoud
lambs but with full mammary glands and
extended teats, which suggests that they

Ficuse £ Pregranediol-S-glumaranide (Pl
immomrezctive preguanedial- 5 glucaromide (fdc
el estrane conjugate (EC0 el tirmaghowt preg
mwaney ol cptve bighoen shesp “Princess™ at B
Moatann in Gdlings, Montmna in 2002, Reselts are o
ng'y, wed deces

hawd bty I‘l-r:!rl!lu:eﬂii vk thal wers Ing
goon alter hirth (Table 2 The third ew
was ener ohaerved leaving her group dio
ing the lambing season, as pregnant ewe
da, which snggests she was either

and laat e fetis somewdere betwesn th
Limee of lecal eollection (42202 and lab
May, or her pregnancy test was a false pas
itives (Talle 2},

Mean fecal concentrations of B0 wean
of Httle value in prelicting prégnaney s
curatizhe While the mean “pregnant” con
contration of 1210 n cwes with Tombs e
112620568 ngfe wet fooes, and while |
was 770264 npfE wet feces tor ews
with wo Frmbs {F=00002), the rimge e
toveen individusl eawes was 6.6-158 nped
wit fooes for ewes that lsmbed snd 4.4
107 nge wet [eces for ewes withon
lamibs.

Mean fecal concentrations of PAG wen
3. 143+354 05 wet foces in anbmeal:
with lumbs at thedr sides and 1208525817
ngfs wot foces for ewes without lamb:
(P=00L)L The range for indbvidual preg
nant ewe valucs was 14854 913 ngig wo
foees and 358-3.432 ng'g wet foces for
ewes withoat lambs. The twn values tha
overlapped weve those [rom the two ewe:
with full mammary glands and extendec
Leats. The feld data and abservations lron
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Tastz 1, Feeal steroad bevels, prognancy, ] lambing results for L1 Irdghwsrn shwep sampled i 2 in
Bighom Cangon Maticnal Feereation Area, Menlan amud Wiurining,

Fivea: Pl sfiGP (O Fishd
K Ut onfersl T (rigig) i Tategime brtinn sesnll
1 f Murch 2001 2213 10256 A Prognant Lamd
2 1 March 2L BES ] v Ml prmpmant M md
b & March 2001 1,525 H,7T2 {h] Mut prapEent i Jamih
4 o plarch ML A.558 b,medd = Fregpan [ aemh
5] A Muorch 2001 131 T B LR Choectionable b
A wi March 20011 1841 T.ARS b Tl grrcgnunt iamh!!
7 24 Jamuary 291 1,154 52 53 Mol prograat Mo luank
L3 17 Jamanry 20601 1,003 5,481 L Dhuctkaineatile Mo bmb®
B £ hiay 2001 4532 [ 115 Fregicunl Lamb
10 4 Nty 2001 1.445 i, 55 4.4 Mot prepgnent Mo lambs
Il 2 My XK 475 RTEG LI Mot prggnnnt Mer lamh

= Boli; = pregnanebink-Su-gheurmmils

bRt = mrmonesetive pregnanedinl-e-gheiromida

TED T estrons monjujelis,

& Bspoct Neld sy wodlection erme m i e, dios e v obsersed fm a listiziee gt fhe e ol Tevad vollsoem.
® Pzl sumple volieead oo iy

Tanig L Peeal sterosl bvels, progoansy, oned |.z|.1l|j,rir'|% results for 20 Wphom sbeep sampled in 2002 0
Righoun Canyom Mateova] Recreation Area, Montana ae Whnmming.

Ewr Dot i izt EC¢
0o collisc kel g o ';"'5".3:' ST T [EFITE TIE P HE Fiekl peemh
1 22 Aprll 2003 1466 15 Fifd &6 et Lanms
a 22 Apwil 2002 L 45K 6.5 Mat pregmant Bas baanh
4 20 April 2002 4TS 47 5k 154 Fregnant Ll
4 T4 May S0 3,70 T Wl 15 Pregramt Lamils
5 23 Apcil 2002 1, B2 4064 104 Preguant Mu Jarmby!
s Y Apet] 2002 T2l b ] 8.1 Mot pregnent M Tk
T 22 Aperl 2002 4,913 LR ] 11.6 Trregmand Eamidy
5 2% April SR 5,552 A0S 133 TPregual lami
i o4 April SNE &,144 15,865 11 Pregnan| Lamh
110 I April 2HE 3452 e R4R 135 Pregranl M lamd s
1L m Apcid 2002 3 Y R 14,0 Pragnanl Laymls
12 Apeil 2003 1LBAT [LNE=N 9.4 Chsestivanbile Laml
I3 =i Apnl 2002 a6l gt 1 MLT Mot F.nlgminl Mo lambs
14 22 Morch 20032 h2h2 2R 548 134 T'regnunsl Lk
13 4 April 200E L] 15,165 HA TPregpunl M lamnb spem™
18 1% darch 2002 464 1T g & Fregnunt Lash
17 a HlIi}' SN2 b 1 22 WET 0.y ["r-rgl.mlll_ Lamila
15 4] H.-il}' SN 4176 HL4ST 11,1 I‘]'eg[mlj Lairnh
14 20 Apesl 2HEY 2,405 21176 i Pregnnm Ezumbs
i a2 .‘l.]:q-i| KK LA7R LGS 1305 Pyl [T

R = !:u'r_-gm.lhelllul_q’l-m-gh:unmlljl.'.
B = mmumnomenchve 1Im|.{lﬂ'd1ﬂ-lwlﬂ1lﬂll'liljf-

ol DI B T el |

LBt Tetal b o e geslbive prsguiney st Liiscpime B irwy was momrured wckly, bt nok rdvasmaal ek or
Iiwebg, il swe groop i kil

¢ Busgeet peanpbl b buomness ihis e wan aeeiored poery 2 i and war ghasraz] wath Tl memy ands, peteudal
tamls, anil wag aheeranl kuving the main i roup going B s s lncartinn :'"“'""“:'.'-"}I' bex prem tinh,
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ground erews indicate that these latter val-
ues were in fact from pregnant animals.

Bazed on visual observations made by
ficld crews that monitored lambs al the
sides of ewes for over 2 yr, pregnancy wis
comrectly predlicted in 28 of 31 females
(89%) using fecal iPAG or PAG concentra-
tions, The remaining three samples (T%]
include one lalse negative, one ingomilu-
sive test result, and onc false pasitive,
which we believe came from a cwe that
terminated the pregnancy before parturi-
tiom, T this case, the ewe did not besve
the larger ewe group, did not go off on her
arermt it aomy e, and was observed 'I:'I-"I:I!.f!'d}"
during the dme she would have been
larnling. We interpret the date ws inmcdicad
ingr. this ewe was pregnant gt the time of
the pregnancy test but lost the fetus hefore
purturition, although her pregnoncy test
could have been a false positive. Tn the
ense of at least one ewn thut was predicted
not pregnant but lambed, we suspect lield
error since defecating ewes were often ob-
gerved from a distures.

The reproductive perind (rul for males,
catrizs for fernales) is seasonal for maost
highom sheep populations (Turner and
Hanzen, 1980} und peaks in late Novem-
ber. Gostation i= 180 dava, after which they
glve hirth to ane lamb in late Mav or l;".lLT]I'!.I'
June (Ceist, 1871). Thus, fecal sampling,
which oceureed from 17 Jamaary—10 May,
would have recovered samples st approx-
tmately days 63178 of gestatlon, based on
a mid-November assumed date of concep-
tion. Accaracy of pregnancy diagnosis
based om PG or PAG was not affected by
dute of collaction. This is consistent with
the report by Borjesson et al, (1956) in
which samples were collected after G0 digys
of gestatom. This sume patlern has been
seen in urinury amd feeal steroid metabo-
ltes in bison [Kirkputrick el al, 1902),
where concentrations af PAG
are not distinguishable from sonpregnant
concentrations until aller 90 days gesta-
tion, and in cervids, where analysis is most

JOUFEMAL OF WILDLIFE CISEASESR WOL. 0, NO. 2, SFTEL 3004

wernrike after the second trimester (Sloops
et ul., 1880), In domestic sheep, the cor
pus luteum produces relatively small
amounts of progesterone during the first
50 days of pregnancy, but alter that dme
the placenta, responding 1o both luteiniz-
ing hormone and prolactin,d provides the
primary source of progesterane lor the re-
mainder of the pregnancy. This ks probably
why measurable quantities are not secn
until after day 60 in shﬂ:F.

It i= bmportant to note heve that neither
the {PAG nor the PJG sy ace highly
specifle. The precise progesterone metab-
alites measured by the two assays s spec-
ulative. Cross-reactivities of the [PdG: an-
tihody have been reported previowsly
{Kirkpatrick ot al, 1991}, but the thres
primery stervicls include 20-B-hydrosypro-
gesterone, or 20-0HFP {100%]), KIC
(164%), and 20-B-hydrosy-58-pregnan-3-
one (41%). Kirlpetrick et al. {19591}, using
this same sssay for pregnancy disgnosis in
eequichs, foamnd ‘that HFLC renvenfed ot least
thres progesterone metabolites mare p-:::la:
than PAG and that, collectively, the im-
munoreaclive metabolites mewsured by
the: iPAC assay positively correluted with
Flescacd progesteronds,

The relatively low concentratinns of me-
tubsolites cross- Ie.-acﬂ.ng in the PAG assay,
eomnpred to values derived from the iPde
assay, suggest both qualitutive and qoanti-
tative dilferences in progesterone metab-
alites measured the: bwo assays. How-
ever, the collective metabalites cross-re-
acting in the PG assey huve heen shown
tu Fuﬂhuahr correlate with blood proges-
terume in ewes (Borjesson et il., 1996).

The faluwe of EjC to pnulu:f- an 1n-
ambiguous diagnosis ol pregnancy sug-
gests that pregnancy results in very lite
eskrane, esmone |_|.I1_'|.-|,'1|1'|:||::ruc.|u a.ﬂﬂ.u"DE -
trone sulfute: production in wild ewes. In
addition, all of these have significunt cross-
reactivity with the assays antibody (Shi-
deler ot al,, 1981}, Previous studies with
domestic sheep have shoon that, although
this species produces inureasing quantities
of estrogens throughout the entire preg-
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naney, the primary metabolites are proha-
bly & nonresctive diconjugste of sorme sot
rather than the collective E;C conjugates
{Lasley, pers. comm.},

It is impordant o note that in various
wildlife iesw, chusste valldations of assays
for a specific sterold or its metabolite ure
not ahways pussible or even advantageous,
A whole spectrom of reproductive steroid
metabolites is produeed in mammals, and
differences are sipnificant. For examplo,
PG measurcments in the Bovidae are ex-
tremely useful but ByC measurements are
not, largely because the primary metabo-
lite of estrogens in these twa is 17@-estra-
dinl, which does not cross-resct with the
EyC antibody. Comversely, 'dG o mesre-
ments in the Equidae are of no value,
while F,C measurements are extremely
prl:l.iil:li'.-'e of blood estrogen concenlra-
tions, Because the three sssays used in this
stouly cross-react with a significant number
of metabolites, it is likely that some im-
pastant steroids can be quantified. More
importanthy, for esch assay some measur
ahle and correlated reproductive event can
be lound, e.g, pregnancy, ovalation, blood
steroid concontrution, or bivth of voung, 1t
is mot vital that the azsays be highby quan.
titative with respect o the specific metah-
olite because only working estimates are
nescessiry. o courelate to the spevilic re-

wetive event of intercst (Lasley aid
Kirkpatrick, 1991}, In the case of the cur-
rent study, the confirming reproductive
event was parturition and [ve young, aned
therefore pregnemney.

In previous studics with highorm sheep,
Borjesson et al, {1996} used multiple sam-
pling and subsequent analysis of lmmu-
noreactive PAG metabolites provided 1o
abtain 100% accuracy in diegnosing preg-
nancy when samples were collected after
60 days gestation. While multiple sampling
over Ume ensures against sampling ervor
or sample anomalies, such sampling pre-
sents new lomistic challenges to field per-
sonmel. Single sumpling used in our study
vielded an aecuracy in excess of 90%. Us-
ing the 1800 ngig edoll for the PAG assay

reaults, as reported by Borjesson ot al.
(1096}, accuracy wis exactly 30%, and us-
Ing a cutoft walioe of &000 e for the
[PdG assay results, socuracy was also 900,

The current study suggests that remote
pregnancy  evalostion of  bighom  sheep
miay be valuzble for quantilfying fetal or
possibly neonatal loss thut might acrmally
o wleteeted. There are diseases that can
cause abortion in shesp, Campylobacter
fetrus fitug canses fetal loss in domestic
shusepa 46 wik prior to Larnbing (Colling
and Deldsle, 1985; Salamu el al., 1995)
which in this study would have resulied 1o
positive pregnancy diagnosis uf the Hme of
sampling using the tests describes iere,
Enzootic sbortion in ewes (caused by
Chlamuydia) also couses abortion shorthy
before parturition wnd could be the cause
of fetal loss. Additionally, thore is evidence
of mountain lion {Felis coneolor) aml coy-
ote (Canis latrans) predation un bighom
Lol on this pﬂItll:'u!Hr ERIEE (Schoeneck-
BT, ||.r|]'mh|. claka),

O results offer a method for monitor-
ing fertility of bighorn ewes that is
nominwviesive, safe, effective, and highly
aceurte, 16 feld error can be kept to a
iminimum and ewes can be ldentified in-
dividually with preesisting radio eollars ar
other marking devices to facilitate: individ-
wal identification, much informetion o
be gathered abnid the lertlity and feeun-
dity of bighom sheep populations using fe-
cal storoid analvsis.
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