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DIAGNOSING PREGNANCY IN FREE-RANGING ELK USING FECAL
STEROID METABOLITES

P. J. White,' Robert A. Garroit,’ Jay F. Kirkpatrick,” and Elizabeth V. Berkelay®
' Dapartmerd af Widlile Ecolegy, Unhsersry of Wissorsin=bMadison,

Wadigan, Wissarsin BITHE, LISA,

! Degconess Pasoarch hstfule 1500 Pole. Bibrge, Monkana 58102 LISA

ABSTEACT:  We walidated feoal metabolite analysis as o poninvazsive means of disgnosing peag-
mancy in uncaptured, free-ranging Rocky Mountain elk (Cerowy slaphay nefaoni). Dudog No-
vember 10891, we collocted bood samples from 21 radiceollared, 1 to 10-pear-ald female elk i
Yellrwstone: MNatlonal Palk. 1r1-'-_'_-'|.1u1i.|15 TISAY, wnd determined thelr pregnancy status :!:-1_.-' raclio-
imrnnmaassay of serum pregnancy specific protein B and serum progesterons concantrations, Fram
Decomber 1991 through April 1892, we collected three to 12 fecal samples [rom cach collared
elk and measured the concentration of estrone coOnjugabes, p[@an&d[ﬁ]-ﬁ-gluﬁmnn{d{'l andd free
progesterene by ensyine nuneassays. We alio evaloated fecal samples from 10 unmarked male
and eight calf elk Pregrant femules had significontly (P < 0.001) higher concentrations of all

three fecal melaboliles than [OCpTEgnnnt animals, r-;rm:h;laj]_'_.' later in geslation q'hlmch ko ,-'9.,|;|r|_|_|
We dw-::l-:-p-:;»:: all postible conhinations of univariate, bivardate, and mudtivariste diseriminang
Function analysis maodels to determine those varlables most welul io predickiog memberships of
pregnant versis noapregnant ek during the March to April time-pecod. We validated each model
by spplving the classitfcation functioms to 11 pregnact and eieht seapregnant ek thal were ot
tocluded in the development of the.original medels. Accuracy of the discriminant function analyvsis
miodels ranged from 57 to 84%, with the univariate model based on pregnanediol-G-glooaronide
concenbration providing the highest classificatlon, Fecal metabolite analysis will eouble biokogists

Lo poniovasively ases the pregnancy status of ell especinlly when diagnoses are basd upen
millipie samples collected betwesn mid-March and ouid-April,
Eep words;

Cerouy elephus, elk, fooes, enzyime bnmuseessays, pregoancy, reproducton, ster-
ol

INTRODUCTICN [%84). Enzyme immunoassays have been

used to diagnose pregnancy in free-rang-
During pregnancy, the metabolites of  ing bison (Bson beon) (Kirkpatrick et al.,
reproductive steroids are excreted in feces  1998a) and feral horses {Kirkpatrick et al..
(Desaulniers et al., 1989}, and their con-  1980b), but cannot ke nsed 1o diagnose
centrations can be measvred Lo asess the  pregnancy in ell unt] they have bean val-
pregnuncy status of animals (Lasley, 1983).  ideted and classification criterla are de-
Recently, the concentrations of fecal me-  veloped. Assay validation should Include
tabolites such as estrone conjugates (E,C),  serial sampling of feces and comparison of
IMHHHE&[DI-B-Q]U-'—'IJ!'--'Ilidt‘ :Fr.“:::'.LI]'f]’{:C the Fecal data 1o ir|1||-_.[_1-|_-=.|_'|d¢_:~.1'|l' ared radi
progestercne (P,) have bean used o ae-
eurately diagnose pregnancy in several
specics of ungulates, Including caribou B [PSPE]or progesterone, rectal palpation,
Rangifer tavandus} (Messier et al, 19900, transrectal ulirasonography) (Lasley and
moose (Alces alees) (Monlort et al., 1993)  Kirkpatrick, 1881), Our purpose was to
and feral horses (Eguus enbollus) {Lucas  evaluate the acouracy of using fecal me-
et al., 1901). Warkers in these studics em-  tabolites to assess pregnancy status in elk
ploved radivimmunossssy (RLA) proce- using EIA procedures, Specific objectives
dures for quantilying fecal metabolites. were to determine if concentrations of fe-
Hewever, enyme immunossay (ElA) cal metabolites differed significantly be-
procedures that provide the potential for  tween pregnant and nonpregnant snimals
less expensive and rapid, on-site diagnoses  during gestation, to determine the period
uiso arc available (Munro and $tabenteldt, during gestation when feces would maost
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accurately distinguish hetween pregnant
and nonpregnant antmals, and to produece
classiflcation functions that seeuralely pre-

dict the pregnancy status of elk

MATERIALS AND METHODS

Diuring Movember 1991, we cadiocollared 21
one to J0-vr-old female efk in Use Madison-
Firehole drainage of Yellowstone National Park,
Wioming {USA) (57N, LLIFG27%W), Clraig-
head et al (1073 provided & detailed descrip-
tlom of the cllmate, laona, and fora of the are.
Drucing handling, 20 ml of bleod was drown
it each elk. Blood srmples were centrifuged
wilhin & lir of sampling, sod =mom was draan
ol aod stored ol =20 C. The pregooney statos
of all collured elk was diagnosing wing A of
serurn PSP (Saser et al., 1936), and then con-
framved by BIA of serum progesterone {Plotka et
al, 1878). The PSPB amay was developed for
cloanestio caktle sera nnd, I.'I.1rJ.'iI:'l'.EI:IE'1:||:|.':.-'. PFSTH in
elk serum could ool be guantified. Tiowever,
PSP does provide o goalitative determinaticn
of pregnancy status sinee radioactivity |(*]-
PEFB) bownd to cattle PEPT antlsera remakis al
o1 neat 100% in sera from nonpregnant animals,
baat 15 inhibited (<93%) In sera from pregizant
ardmals {Waood et &l 1584]. Bioth the PSPE and
P, assmays have been walidated im elk (Hein et
al.. 1991} Based on theso studics, elk were con-
sldered to be pregnant 1f the sorum sample bownd
<035 of the lodinated tracer 1n the PSPR wasay
ard i serum progesterons concentrutions were
=1 ng/ml,

From December 1981 throogh April 1902,
wi lgcated all eollared elk at leaszt ance weekly
and ohserved them at distances of 10 to 60 m
for 30 min, If individually marked animals def-
ecated, we collected soveral Focal pollote and
stored them at —20C in plastc bags untl] anal-
vais. We collected 117 focal samples from preg-
nant elk and 14 samples from nonpreznant elk
itheée to 12 focal samples por animal]l, We also
collected 0 lecal samples froon unmarked mals
elk und sight samgles Troos unmarked calf elk
thut we opportunistically olbsedved defecuting.
Bluring Mareh 1983, we oblaised additional Fe
cul sumples [rom Len 1- o S-vear-old Dres-rang-
intgr Femnale elk in Filener  Eberhardt Arid Lands
Ecology Ressrve, Washinglea (TI5A) (A6525'N,
119765 and pie 1- te 13-yr-old caplive fe-
rraicle ek at ilse Broox Soo, New York, Bew York
[USAYL The prepraney status of Mree-ranging elk
in Washinglon was delermibsed wsing rectal pul
pation and R1A of seram FSPB aad P, Eight
af the rapiive alk hod besn treaked with the
centraceptive porgine zoma pelhocida (PEP) vac
cine (Kirkpatrick o al, 1980a}. This vaccine
wiarks e |:b]-|_'-:§|-:1n[;‘|:|-:|'l:i.'|i.1:u|.i.r_||:| ::!'k.l.-e:nn ot n'I.I 158540

and does not interfers with PTEENANCIS mnder-
way |[Kirkpatrick =t al, 1990a) We used the
delivery of 8 calf to confiem pregnancy in cap-
tive: elk treated with the PZP vacelne, and io
freo-ranging elk o Yellowstone MNaliosal Park.

Sternid metabalites were extracted from focal
smmples with an agueous extraction  bufles
(shideler et al,, 1393} A single tecal pellet from
cach sample was thawed, welghed, and sus-
mﬂdﬂd I G ol of 0.1 M, pH 7.0 extraction

fer with 0.1% BSA (Fraction V, CalBicchemn,
La Jolla, Callfornds, TISATIna e Di];ed S
tiflation vial Fecal peliets were broken apasi
and shaken (120 rpm) foe 15 br at 18 2 The
flgutd then was decanted and cenlrifuged {12040
o) for L0 min, The wel [ecal matber from
cach pellet was air-dried ab 20 C untl weight
wias popstanl to determine e equivalent dry
welpht

Compenlrations of fecal sleroids were mes-
suted ustong the EIA lechnigues described by
Munro wod Stalsenfeldl (1854) [ue P, Kirkpal-
vick «t al {1891} For PdG, and Munro =t al,
(1988 for EjC. Briefly, we pregansd flat-hat
tormed, polystyrens, microtiter plites (96-well]
by coating them with 50 u] per well of antibody
We nsed antibody R322 in coating affer as s
dilution af 1:10 for E;C ELA, antibady P70 ag
o dilulien of 1:50 Fur Bdl BElA, and antitbady
4861 at & dilution of 1:10 faz P, EIA. Antshodies
weere prepared as described in Monrmo and Las
ley (1988) by T, B L. Lasley, Institute of Tox
'irxﬁ|1p|:.-' amd Hepleh Besearch, University of Cal-
ifornia, Dravis, California. Flates were sealed
tightly with an acetate sealer and incubsted [or
& mibsimaen of 18 beat 4 C After incubation,
LUse welle of mach micratiber plale wers smptied
by imvecsion, waashed foor times with a sdation
of LA M Nalll and 5% Twesn-20 in distilied
wiber, wd drained to remove ontisernom ncg
bonand tn polystyrene. Fifse pl E1A baeffer was
aclded to all wells for inmilation parpeses, and
|_'.||.a':\-.-.s wore seabed and -r.r|1|'i'|:'|'|'rnrrw;i: for Z by at
15 02 We then ndded 50 sl of horseradish per-
oxidas: sterold conjugate ata diluton of 1:20,000
in E1A buffer to all wells, sealed the plates, and
ineubated them tor 2 b at 15 C Abter foca-
bation, the plates were washed as deseribed above
and 2 _II-| of extract supernabant was added to
each well, Plates wore sealed, and shaken For 30
te 80 min antll colar developed. Ahsorbance was
micasred by the Dynasech MRS microplate
reader iﬂr:.-mrr:.q:h Lak., Tne., Chantilly, Virgin
in: LISAY vweith a test H]H_‘T nE 405 nm and 3 Tek-
erence filver of 407 nm, Metabolite concentra-
tions are expressed as nedg dry feoes,

To generate standaed curves, we added 20 4
of distiiled water to four wells per plate, and 50
g of standards to 20 wells per plate, Standard
concentrations ranged from & 25 to 20 pr pe
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well for E,C, 0075 1o 10 ng por well for PdG,
and 156 b 2,000 pg per well for P,. A standard
DSE-TRSIMSE SUTVE wiis somstricled by plotiiog
the percent bound against the amount of added
E,C, P4, ar P, Parallelsm b the staidand
curve was delermined by successively halving
the dilutions of four fecal sanples and gruphing
the amay results againgt Use stundard curve, Se.
rinl dilutions had parallelism with the standard
eurve for each of the three assayve. The lntes-
acsay coefficionts of variation were B% in = 4)
For EfL 15% (n = T for PAG, und 168 (1 = T
tor P, Intra-assay cosfficients of variation were
10% (n = 7] for E,C, B% (n = 10) for P40, and
B8 (n = T) for P,. Amay semsitivity was 6.5 PE
per well for E, L, Tt pg per well for PG, and
15.6 pg per well for T, Revovery of B O Pelil
and P, was previously determined by adding
known quantities of "H-estrone sulfale, "H-Pde
and *H-P, o the wel anmiles, extructing the
samples as described shove, and comparing la-
hel recovered to label added. Recovery was 722
tor E.C, 62% for PAC, and 515 for P, Besults
were nnb corrected for recoveries,

We divided the winter into three sumpling
periods so that at keast one fecal sampde per ol
oerurred during each period. Thos, samples wero
clamibfied as having heen collectad during eatly
{Decembor to Janoary; olk 8- o 4-ma pregnunt],
middle (Pebruacy; ok S-mo pregmnant), or lake
iMurch to April, elk 6- 10 V-t preghant ) winter
Next, we used a log,-tranalormation oo the se-
roicl metabolite data [eom elk in Telowssone
National Park {original data set} and randomiy
selected ane sample per elk per sampling pesiod
to develop a data set comprised of independent
gamples LTlruwn trom a popolation with a mul-
Livariate normal disteibution. Multiviriabe anal-
veis of variance (MANOVA) (Sokal and Fzhli,
Labl} was used to test the null hypathesis thal
oo differenves in fecal metahal; te cuncentraticns
existed among males, colves, nonpregnant [
males, aod pregnant lemales

Data from groups with comparuble fecal me
tahaolite concentratinns were combined, and Jis
eriminant Function anabvsis (DEA K locka, Los)
based upon the lhree fecal metaholite concer
trations was conducted to determing the sam
pling perind when feces should be collacied to
most accerstely distioguish betwesn samples
from pregnant and nonpregoent animals, Wi
chese the mnst faverable satipling pericd Eased
on multivatiate measires of groun difersnces
Wilks' &, canonical correlation) (Klocka, 1980)
over the discriminating variables. Kext, we com.
muted the mean metaholite concentrations For
ench elk during the most favorable sampking
pericd. We condueted DFA on the mean, trans
formed dars to define and predict groug mem
berships of preguant and nonpeegnant alk We
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developed all possible cotabinutions of univar
ate, bivarinte, and multivariete models b de
termine these variables most useful in predict.
tng memberships of pregnont versus ponprey
nant elk. We validated each madel by applving
the clasification functions ta 11 preguant and
eight nonpregrant elk that were nnt included
in the development of the eriginal models, Er-
rore (o clussification wers used to demondlrute
how well each model performed,

RESLLTE

Radisuctivity bound e cattle FSPR an-
tisera had a mean (£ SE) of 73 {+ 1%,
with a maximum of 84%, in pregnant fe-
males, and remalned at 100% in all non-
pregnant females, Mean = SE serum P,
levels were 3.2 + 0.4 ng/ml {range = 1.4
e 7.5 ng/ml} in pregnant females and 0.1
* 0 ng/ml (range, O 1o 0,15 ng/ml} in
nonpregnant females. Eighteen of 21 col-
lared elk in Yellowstone National Park wers
pregnant; serum PSP and P, results wers
in full agreement and 17 of these ol wers
observed nursing, grooming, or defending
calves during the following summer. Based
on rectal palpation and serum PSPB und
P, assays, all 10 ek from Washington were
Pregiank, Mone of the Eigl'l.l |:||,5_|I;j_-.'q: elk
(Bromx Zoo) treated with the PZF vaccine
produced calves, binl the one untreated olk
did produce & calf,

Diflerences ameong pregnant and non-
pregnant groups existed for esch of the
three fecal metabolites (P =< 00015 Preg
nant females had higher concentrations of
fecul P, and PAG than nonpregnant slk
during each sampling period (F < 0.003),
need higher concentrations of fecal E O
during the late sampling period (F = 0,02
{Table 1}, Hewever, pregnant and ron-
pregnant animels Kad similur concentra-
Hons of fecal E,C during the early (De-
cember and Januaryl and middle (Feb.
redry) sampling periods (P > (.08) (Table
L), Thus, differences in fecal melgbolite
concentrations among pregnant and non-
pregnant groups were grestest during the
late sampling period (P < 0,0001) {Fig, 1),

Males had significantly (P < 0.01} lower
concentralions of PAG than calves and
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nonpregnant females during the early and
middle sampling pericds (Table 1), How-
cver, concentrations of fecal PAG were
similar among these groups during Lhe lale
sampling peciod (F = 0.15) (Table 1), Con-
centrations of fecal P, and E,C were sim-
flar among males, calves, and nonpregnant
females during each sampling period (P
= 0.05) (Table 1), and we were unable to
distinguish anong these groups using DFA.
Thus, we combined dska from calves,
males, and nonpregnant females into o
nonpregnant group prior to developing
DF A models,

Diiscriminant separation among preg-
nant snd nonpregnant groups was lowst
during the early sampling period (Wilks'
= 039, canonlcal correlation = 0,78),
greater during the middle sampling period
ik = 0.32, canonical correlation = 0.5Z),
and greatest during the late sampling pe-
riod (v = 019, canomieal correlation =
0.80). Thus, we defined and predicted
group memberships of elk wsing fecal me-
taholite data collected during the late sum-
pling period. Group membership largely
eonld be predicled by PAG concentrations
alone since all 11 of the pregnant olk wnd
five of eight nenpregnant elk in our vali-
dation dats set were correctly classified
|_|_a:i1|g this Ei“EJI:' virrlable I:Tah]e: 2': Eik
ranging in age from I- to 13-yr-old were
correctly classified using this variable. The
three misclassified elk were 2-, 6- and 13-
vr old, respectively. Concentrations of PAG
above and below 223 np /g eguivelent dry
weight were evidence of pregnancy and
nonpregnancy (ealf, male, or nonpregmant
female), respectively. Bivariate and mul-
Hvariate models provided overall elassif-
cation accuracies =73% (Table 2), but did
not improve classifcation aeccuracy as
COmps! r|-'ﬂ.'1 to the univariate F-:']f_'. mindel.

DISCUSEION

To determine if fecsl sterold metabo-
lites accurately diagnosed pregnaney in elk,
we first needed to conclusively determine
whether cach sampled elk was pregnant.
We accomplished this by diagnosing and

then confirming pregnancy using inde-
pendent methods such as rectal palpation,
RLA of PSPB or P,, and the delivery of a
calf. Rectal palpation of [etal membranes,
ulerine cotyledons, or fetal ballottemnent
has been used to diagnose pregnancy in
elk with reliable results {Ilein et al., 1981}
The PSPB assay 1s a highly accurate meth-
od of pregnency detection in ungulates,
including deer (Dams dama, Odocoileus
hemionuy, O, virginienus] (Wood et al.,
19846: Wilker et al., 1983), alk (Haigh ot
al., 1888), and mountain goats (Oreamnos
americanus) (Houston et gl, 1886). The
P, assay also ks effective for diagnosing
pregnancy in ungulates, Including bighorn
sheep (Opis canadensis) (Ramsay and Sad

letr, 1979, deer (Plotks et al, 1577a, bl
and elk (Willard et al., 1984), although at
timmes 1ts reliability may not b as high as
P5PH sinee concentrations in nenpregnant
animals aften are similar to these found in
pregnant animals during the luteal phasc
of the estrous cvele (Plotka et al.. 18977a,
b1 and the adrenal gland has been impli-
cated as a significant source of P, in deer
(Wegson et al., 1970 Plotka et al., 1855

Thus, a P, level from a single blood sample
may not always be reliably used to assess
pregnancy status (Plotka et al,, 1983). For
this reason, we only used P, to confirm
pregnancy after an initial dlagnosis by
PSPE. Since the results of our independent
tiosts wesre 11 Full ug‘reemtnl.', WE WErS ODEk-
fident that the pregnancy status of each
elk used in the stwdy was accurately as-
sessed.

Based on the cnzyme immunoassays of
{ecal PAG, this metabolite has potential for
leing used to noninvasively assess the
pregrancy status of efk. However, PAG
concentrations 1l had some ':J'l-'t:rl-lu':' bre-
tween pregrant and nonpregnant elk dur-
ing March and April. Thus. ElA of PAG
may not always be a reliable sole indicator
of pregnaney status in this species. Radio-
immunoassay may provide better diserim-
Ination among groups since Messier ef al
{1890} cobtained complete separation
wmong pregnant and nonpregnant caribou
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Taver L Accursey of predicled proup membesships of pregnant end nonprognent elk with univariais,

hivariate, and malliveale discrminant fuection ooalyvsis models based on stenoid eoneentrotions of estruoe
comjugales (E O praegsmnediol-3-ghuceronide (Fd), ond bres progesereos (B0 in 6 foces collected Erom
21 fepabe elk in Yellovwstooe Mabional Park, Wenming oviginal data set) and 18 feces collocted from 19
femnale elk in Lthe Arid Lands Bealogy Reserve, Washington o e Bros zoo, New York (validstion dats seql
during March wnd April 1882, The cesulte Tor (he origingl aod volidotion data sets are pressnted a8 e ovgrall
percentage of known pregnant aond ponpregoant elk correctly clossified to thesir respective growps, a3 well o
Eha: praprtian of el growp that wos correctly clasibed

Validaticn Gala st Cinginal dais sel
Creerall 'l':umll
LrreiL Semmiliwil Spracilicasy rireci Sengltiwity Fgueasacily
S [ T 1] (%1 %] %) (% 15

bultivariates
EC, PdC. T, Bl 10 M EL 1) a3 15k L0 €0 LMe (54 /54 I 6/ Bl
Miwvariate

T, P B LGS LY 100 0E1 1) A3 (58] ITEREE IR W B 154 06 SR

A e TE(14.18; 1001110 38 (8SE WL (R SR 699 { Bl I 16 6

Fdi., P, B4 L1619 1061111 8358 L £ ) 1} M) {d 154) 1400 {6 ,/6]
Univariale

EAL SH (11018 104EL 1L [0/ B di (2560 $323/04) W 16 15

e B (16418 WG ELAIL BACESE 0 LT S B0 1iH B4 54) 44 1m0

K, T4 (14515 0L Il SRR L (R 0] 3 (ko) (R R

* Thy eerpumal datn sst was wed 1o deelve chusiliziie Dimsioe by dserminmt funchan amalyds. The walidstion deis s was
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(Rangifer tarandus) using this technigue.
However, RIAs are more expensive than
ElAs, require more sophisticated acoulp-
meni compared with E1As, and necessilate
the dizposal of radicactive material (Mun-
ro and Stabenfeldt, 1954), Also, rapid, on-
site pregnancy diagnoses are possible with
ElA {Kirkpatrick et al., 1893b), and newly
developed extraction procedures may im-
prove the discrimination of this techrigne.

Previous workers have diagnosed preg-
nancy stalus in ungulates by measuring the
concentralions of several fecal metalolites
during pregnancy and then using the me-
tabolite that seemed mest reltable as the
sole indicator to classify animals. This
technigue works well if a single metaholie
provides complete discrimination among
pregnant and nonpregnant groups (Mess-
ier et al., 1990) However, if single me-
tabolites do not provide complate discrim-
imation among groups, thea diagnostic
techniques that use combinations of me-
tabaolites Lo predict pregnancy status may

provide hetter diserimination. For exam-
ple, Momfort et al, (1985) were 85 and 38%
effective at predicting pregnancy status in
moose {Alces alees) wsing fecal progester-
one and estradiol concentrations, respec-
tively. Perhaps their classification accu-
racy could have been improved by using
a moclel hased on the concentrations of
hoth metabolites. Although hivariate and
multivariate models did not improve clas-
sification accuracy during this study, we
still recommend nsing DFA to determine
the best combination of metabolites (unl-
vuriate, bivariate, multbvariate models) Tar
precnancy diagnosis in other species. This
technigue provides a less subjective, more
thorough, and more accurate classification
ol pregnant and nonpregnant anlmals than
clussification techniques based solelv an vi-
sunl inspection of the data,

Fecal metabolite analysis will enable bi-
obogists to accurately and noninvasively as-
w58 the pregnancy status of individual elk,
as well as the incidence of prognancy in
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el populations. When coupled with ob-
servational data, fecal samples also could
be used 10 assess demographle parameters
that previowsly were extremely difficult to
measure, such as calf production, embey-
arie and fetal u:n.‘:lfl‘.:lli.f}-‘., and calf IIII.':'.I"|3“1}'
(Messier et al., 1880). Estimations ol ju-
venile mortality may be particularly valu-
able since juvenile survival is belicved to
be the most sensitive demographic param-
eter 1o change in response to changes in
resource availability for many mammalisn
species (Eberhardt and Sintff, 1977). Thus,
fecal metabolite analysis may be a valuahle
tool for monitoring the population dynam-
ics of elk. However, ressarchers must en-
sure that [ecal samples are collected only
from mature female elk since samples from
males and calves are not distinguishable
[rom those of nonpregnant elk and will
confound analyses end interpretations.
Furthermore, we recommend that biolo-
gists collect several samples bedwesn i bd-
March and mid-April to assess pregnanoy
status of marked individuals, or the invi-
dence of pregnancy in populations, since
metiabalite conesnlrations may vary sorme-
whal among samples from the mme in-
dividual.
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