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Abtarracd; The ]':h:,.'mr_‘lchg[c.:_l meschanssms hat contmal I:-|:||||:-|1u|":||'|'|'!' ez ool wald bisen |:Hl-'ll-7| M| are
et ke sl the eotatieely small soatzered herds provent fntersive shisly. Enviionmantal, demeogroaplie,
and physalegieal Factars all play mopor isterrelated colos in eoprodisetive sell-réguiation. Thius, we wialida e
Hee vise aF urineey and Fecal steroid amalins as 0 oreans of detecting evulation and pregnazncy in unes plueed
|'_-.\,-\_;.|'|'\;|:|'\;'|'-_||'|E_ Ul'—E'Jli-tﬂ. and wdensched ths T-"|l|-'=n-q_||r_||,:ir' waehusinisens thsat EPETT r-I:prEd'.‘lI’:l:l'r‘E' ey iry ikl
higian, Freeoroaming bison of £ sabpapulaticns of the ¥Vellesiane Matiaral Tark herd were abssrea] during
pasa 9], Cralation wes detected by the mpssoreenent af brinary pregnanediol-Joglovursnids aad Tecal
orogestercoe during the roltiog sessem progoaney waes detected by ncnsgsed arinary sstrome smpigales arel
fecal total estrogens during the thivd month ol gestatian. Among 34 sexually mature coows alzuirved being
tended jshoesl clepieal Bl ol 2o ns and |:|'.l'.|$|.il'||.1:.- albended h:r a ball) during the rutiing scazon, 18.5%
weEpE }:l.:l,.;_hn'g_ and SLAE were i lestatiog. Thee decumented ovelation rate for 121 malure oows during
the same perivd was anly 19 5% amcng Tactating eows. The estimated pregnaney rale pwir 2 years boc 255
maturs cows was 4808 15 4% of rhe pegnanciis were amang loctating cows O dafa sugeest thal
approximabely B35 of ofl mature caws &ie peognant onablernate years, approsimately 15% of lactating cows
wre fertide, the cause of lawersd Tertifity in laotating cows 13 lactational anceclation, sond sndoering evidenss
of avulation and pregranzy, Losed oo prinary and Feeal steraids:is conststent with all wher cheerved repra
ductive besnwvicss
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The Marth American bison has been studied
extendively witl regard 1o sockal erganizotion
!_."-1.L'HL:E|: 1958, behaviar (Butherg 1984a,
Gireen 19506, Lol and Gallasd 1987), and hab
itat use (Norlund (954) Heproductive studies
largely have been confised o descriptions of
belivios Jlolt 2981; Butberg 19840, 1056, Mah
eroand Bwers I087) o population patbooms
(Meagher LR The rulling season in Yellow-
stome Moatinnnl Bark ©¥ NI secaes between mid-
[uly and parly September Cows dianot norenally
|$|__'||:'4:|{E|_||;b.'_- wnkil 2 YIRS il ape ::h-1-::'|1|:|p;|‘| 195451
and currestly o YRF many do oot brecd swntil
3 ovenrs (ML ML Meapher MNatl Park Sacy | pere

commmun ), The estrous eyele i approzinately
A woeks dn duration [Asdell 1864, Kirkpatrick
ctoal 1ERLAY with sexual receptivily fasting -
2 days. Wikd froeroaming bisozn presurmably
havi only a single evelation per yvear (Hougen
1974), bt Eirkpatrick et &l (19815} repocted a
secand ovilation among bison in @ copameccial
||-‘-“5":|. suEreEling that under spme conditions bi-
som are sessonally polyvestrus

MeHuogh { 1958) reparted that gregoaney rates
[on sesvally mature cosws, ages 212 varied [om
TER Lo L% cm e Wational Disen Bonge (MER]
in Montnnn, with a ggnificant docreass oeour
ring after-age 12, The kigh overall pregnancy
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and calving rate: for the NBH anisal (approx
A%} are in contrast to the 55% rule topoitod
by Lt g Galland (29870 for an wederieur
islsed pupulation on 3anta Tntading laland (SCL
Colifermia  Meagher (1873 abeerved that ap
prosimately 505 of sexnally mature cows pro-
duced calvis in YNP, and soggested (hatl Lhe
majrrity ol cows produced ealves every otles
year Despite Uhe large and significant diffe-
enees An Tange see, population donsity, nakri-
Lign, and weather, little i actoally known re
garding the precise nalure of the physiclngical
miechanisms -:.'n:hnln'.r.’.Ull.,E,' :.:pm&unriw suepess of
bison under differant envisonmental conditions
Fur example, pregrancy rates have been cal
vulated from obwerved calviog rates, and the
length of the estrous cycle Las been based on
belayiorsl estrss, without wny phyvsiolagical e
pdencs for ovalation

The current informalion provides strong e
idence that environosental Tactors have diresal
cHeots on the reproductive success of large wn
gulates much as bison. These data do not, how-
ower, pravide specific information meeatding
which physiokegic poocesies ol the reprodizctiee
avshom ar affected For axemple, reduced Te-
tility coubd be the result of either reduced fo-
cusrdily of the adizlts ar failues of Lhe emnbivo
wr [elus bo sundve Thos, we wanted Lo validate
thie wse of urinary and fecal steroid aoolysis to
rertotely memitor avarion function o lree-
coxmning bison, and identify the plosiologic
mechaniszn: that govern their repraductive sue-
pess, Specilically, we examined ovalation rates
aod pregoancy rates among lactating and pun-
Laeloting cows and compared these values with
the percent of laclating and pon-lactating cows
demanstrating esleaus behavion and heing tend
ed b bulle Addilienally, a sample of tendesd
corws wits idenlified sod urioe gr fecal samples
ware collected -3 dews alter lending coased 1o
confirm that cows had actizally ovelated,

We thank 1. 12 Varley and & E Broadbent,
anl 3. ijgh‘:r af the National Park Sepvice
for ||:||;i$|;|_{:||| support in Yellowstone Matiooal
Park. and hc]p{u' advier, (1 L Camgbell Tov
help with speclinen collections, and 18 L Dilley
for technical asistance to analyzing smples
This shidy woy supported by Sigma Xi sod the
Matianal Scisner Foundation Conservation and
Bestoration Biolopy award DEOB-5322800,

BAETHODS AND MATERIALS

Al dats were eollocted from 2 :-;|:||'|5:-c|5:-|:||.al.i|:l||=-
al hisen at YNP botween Movember 1865 and

| Wil L FTS LT ATIEY | G

Sepleniber 15) Thr'.Eﬁl:lhg:-ca].lnlu'.il.l:l*-ll'll"|'-ldr‘*-!1
the hary Mountain berd B sed Uhe Rorth
eron Range hard (W) The MM bhewd [ahoa
L MO aerimalsl i oa stahle population that in
hahits the central regions of the pml The NI
herd is distribated throughoot the Lamar Bieer
Valley and the upper Yellowsane Kiver Yalley
from Tower Junction Lo Gardaecr, Montana, awl
increased From an estimated 230 in IS0 ta abant
SO by Décember 1538 This herd was ped eed
b a Tunt outside the park doring the winler of
IUEE-S84% Lo approximately 3H by May 19858
(Mesghor 19890, and subsequently  had in
craased to 520 by Septernbar 1091

Behavioral Ohsarvatons

Belween | July and 1 Sepdewmber 1990 we
ubserved and cmanted bdison Ffrem that portion
of e MR herd residing io the Havden Valley
Connts inclndad: total bison, soxually matare
cows =2 vears), calves, and yearliogs Twe
vear-ahd cows were distinguished Erom vearlings
by horn size and shape a8 described by Foller
(1959, Boeanse cows may growp dilferentially
according to whether they have calvos or not
care was taken Lo inclede several mroups within
each subpopulation. We absorved oowes thal wers
seacnzlly matece accd lactating, or matore and
non-lzekating, throughoul the mtting season, ol
the percontage of sacl: class that displayed es-
troas-hehavior (2.e., wos belng tended by matre
bualls) was recorded. Tended oows seldom wers
oheerved actnally being nownted by a bull, and
the frw incidenees of ouwanting ahservad lasted
only & few seoonds

Callection of WUhineFecal Samples

W collootod urine or Fecal saoagles Lroon 144
cows inhabiting the Tayden Valley, between |
July and | Septembor P90 Saumples also were
ecollected from 87 and B3 cows of the NR herd
in Wovembser 1088 and 1990, respeatively, and
from 55 cows of the MM herd in Movemibe
19890, We observed cows at ranges of 50-500
by menns of a spetling scope or hinooulos wotil
thiy woicded and the site of & wrination uc del-
eation was noted. Aler the bison had moved
a sale distance awny, perionnel wers direoted
to the site by oacans of hond-held radios: Urine-
anaket] suil was collected; packed inte Uhe barsel
of & 5-ce ayringe, stored on ice doring the day
of ciollection, amd exlracted by contrifugation at
the end of sach day. The 5-cc syrings was placed
inside a 15« DOM-zrm galastic best tube and cen-
trif wged for approzimately 15 minutes s r:lin
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vl centrifuge (900 = gl The wrine was de-
cunted and stared fromen untal ossayed. Fecal
siamples were collerted and stored as Seseribed
by Kirkpatrick et al (1881a). Dorning November
eollection perinds, urine ala was ooflected by
recovering urine-snaked snow as described by
Kirkpatrick et al (1988, 19306

Orulation Detaction

The cecurrenes of svilation aisd subseguent
Iugeal function s traditionally based o a rlse
in progesterons (B0 o blood as deseribed by
Piotka ot al (19G7) For catlbe, 1o our study, we
asgeised changes iu P concentrolions secreted
Ly Uhe ovary via o rise iooeither arnary preg
nanediol-d-plucuronide (PAG] us desoribed in
Bdson (Kirkpatrick ol al 19918} ur fecal I', oon
centrabions as desecibed i domestic cows (e
saubnbers el al 19680 Adnede Uhe L4 sexwally
matiare cows in e MM subpopalation from
which urine or lecal samples wers collected duar
Ing the futling sesson o 1990, L21 wers not
heing tended at the tine of collection: Usine
samples fromn Lhess were alss amaved for P40
as descrihed by H'L.I.]HETEI'L el ol (19814].

We aluy ronducted an experiment fo deter
pmibne 1§ wiliessed tending and estrois hehavdior
woio tetlable indivators of ovnlation. We iden-
Lied 12 temded cows ol the NI heed by indi-
wiclual charawcteristics sears, horn abrormalites.
winter bBur patierns, eto ) Fecal _::u,n',p]n:;_:. Wi
callected from each cow 3-5 days following ob-
served tending and analyvzed for Pu Ovulation
was considered to have cocurred il P, concen-
teations were =3 000 wede dey Teces (Kirkpa:
cick el el 1992% The intra- and interpssay oo
efficients of variation for the asssy wuie 8.9%

craulasng cureig M rolhing aeasce, Mary Mianlain sl
wiglion. Velbowaloes Mabans Pars TR0, Ovdulior sas baws
o lesal prosesieoee conmenirglioer =0 000 rgg dey feges
o pnanty PG poncerimabons of = 060 ngimg Gr

= Tiand 12.4% (n = 7). eespectively. Usinary
areatinine (O} eoncenitations were measred
by the microcalorimetrio method af Tuussky
1834 and Pd concentratinns wers indexed o
creatinine and repasted in ngSmg U 0 acosimnt
tor differenoess in urine conecentrations. We oon-
gideread mmlation o kave cocurred §F DA onn
centratinns were =100 ngfmg Cr (Kirkpatrick
otal EB9la)

Aller P, wad extracted Trom Tecal saoaples
fwlier Desauloiers et al, 18440 the extrocts were
wnlvzed by enzvme immunearsay (Munro and
Stabenfeldr 19841 and validated for hison {Kirk:
p.nlri.ck el ul l":n"EI'E:! The intrta- and iNEOTASEAY
coelficients of vorintion were B I:n ="F] arid
4% = T, r\-.-.'|p-m:-‘ri1.'1-.|1.,r

Pregrancy Detaction

We based the eccurrenos of pregnancy wpon
the slevation of estrogens during the sceand
month of pragnancy, as originally described (n
dornestic cows (Mostl 22 2l 1984] and mere re
eeistly o bivon [Kirkpatrick et al Y983 During
Movember 1988, vwes callacted orine and focal
snmples randomly From &7 eows o the WE beiod
In Mavember 1990, we callected 53 rire amd
teral samples brom animals 0 the ssme hecd,
ard 85 unne or feeal samples randomly Gom
enws 0 the MM herd, Urioary wsleone cooju-
cates (B, C) were measwred by encyving inmonu-
oopssay (Bhideler ol al, 18000 and [ecal tolul
eslragens were mewsured by redioinimonogssy
[Kirkpatrick of al 19906, 19331 Pregrancy was
detected il the basis ol E.C concentralion ol
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=10 e Crooe bdal esleogen conosnitrations
ol =10 o dey leces (Rirkpatrick stal 19921
W compared observed lending rales and esli-
vaabed cvulalbon and pregiuney cutes, based on
urinaey wod fecal horneease concentoations aosoa
lactabing avd von-lactating cows, Mo statistical
comparisons were made becoose we did oot es-
pecl Mo 2 groups bo b the s

RESULTS

We observed o lotal of 5324 sexually matuze
corwes in L0 diflerent eroups withio the S8 kerd
bBebween 15 July aod 31 Aogust 1890; 43 5%
prange = L5 T-058%) had calves s thedc sides,
Dhring the peak poclod of breeding activity (135
Jul and 31 Awgl, 54 coxually mature cows were
ahserved being tended by a bull, O those, 10
(18,3%1 had calves at their sides and 44 (81.4%)
did nat, ipdicating that estruz, and possibly myi-
Latben, was oocmring peedomioaally among non-
bactating cows (Fig 1) Urine or fecal ssmples
eolloeted from 121 eows thal were ool beiug
tended at the time of collection jovealed B2
[SL%T were lactating. and 9ol these [14.5%) Lhad
slevated PAG or P, concentrations indicating
that they had ovplated: 59D (40% ] were willoal
calves, and 25 (42.3% ol these bad elevated PAG
ar Py comcentralions indicalivg that they had
oeulated, By 1 September, ovalalion oveurced
i pon-lactaling cows al grealer than bwice the
rale Lhan in lactating cows (g, 21

We lested g total of 85 cows Trom the M8
berd oz pragooney between mid Octenar and
15 Mvermlwr 1000; 32 {37 B%] wers rreEnant.
OF the 32 pregnancics, 5 (L56%) were among
lactating cows and 27 (B4%] welo among noi-
bectating cows Owor 8 opeans, the comibined
pregiancy rate for 235 cows Tiom both subpop-
ubations was $5.2%, wilh 1547 of the pregnan-
cies wenong lcloting eows CTakde 1 Among 12
tl"‘!H]f"‘:! (R Erl:ll:n wW hi':!il EH N R rll.ﬂﬂ Ly 4 \'_'I:l".‘.'ﬂ":r{'I'I

LA I e st ey ey B e Karka mlek et ol

1 weilidl Manage. ST 190

3-5 das following vbserved lending, 1D Gl
plevated P, ooncentrabiong comsistent with g |-
teal phase in bivon,

DESCLUSSION

In eachier studies, endocrine selationships in
hisom were oot estublished o vepeedioctive
pucnls such as the estrons cvele and eacly prege-
nancy. e data indicate that meorEloring avar-
ian sercid bormone activity during the ruiting
SEENLIL, wnd avarn - and |'|t.m.;-|"nrn| sternld pro-
duetion duering pregnaney can provide impor
Lt phesiological indices of seproductive benc
tica in fres-rowming bisan, ¥isual ohservation
of witrows and brocding hehaviors can be ased
Lo beler ovulation andfor pregnaney in hison
(dcHugh 19551 and ofther fres-raaming ungn
lates (Berger 1953 However, in other ungulates
exbroas bedavior and even breeding activity with
ar owithoul elevaled esteogens are ol always
accompanied by vvalation (Klckpateick and
Tourner [BEIL Single service conceplion rales
aften are very low in soowe angulale species
Ginther LE79, Shoct et al. 19000 aod wocelialde
lor detsrmining pregnency rales The high per-
cenlage ol lended cows thal demenstrated an:
duerine avidenee ol ovulation in sur study in-
dicates that tending behaviovs are relable
indicators ol avulation Lu bion,

The eeliability of ucinary PdG and fecal P,
ti detest ootorrence of ovalation already has
bern established in bBison [Kickpatvick ot sl
198, 19814, 1992] domeslic cows, and mousk:

vxen (Obor moschelvzr (Dezaulnicrs of al
1930); Towever, somhe ciror may be introadueed

2 o result of P, produced by tissues other than
the eerpus lutewm, Signifloant produstion of
progesterone by adrenal cortical tissue has beon
demonsttuted in Fellow desr (Dame doma)
{Asher et ol 1985) and white-tailed deer (Cdo-
cotltns virginignos ) (Pl of al. 1963)
Among the Yellowstone bisea, owr viseal ob-
servations during a 2-venr period indicate cale-
ing rates hetwesn 55 and 55%, which fmply an
every-athor-vear or every-G-vear pattern of
colving, O lactating cows, B3R were wil-
nessed being wended, nferning ovacian activity.
With steroicl analvsis, 1435 of Lhe Lactating coswes
demanstrated endocrioe evidence of ovulation,
and 15:6% and 168 deaquaustated endocrine ev
idence of pregnoncy. Thas, the physiological
data obtainsd from stemid J.I:Ii.'lg:r'hib mgaldlng
ovizlatien and PIEENARCY dmong Lan::l.lLli.r'lg s
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vic-bactating cows are corsstent with visiabal
strvations These data indicate that lactating
covwd with calves have significantly reduoed fee.
tillity and that Lactational suppression of svarian
artlvity 15 the primary mechansen by which
lecundity i reduced

Tlhse love pereentige of lnctating bizon being
vended during the rotting seacon, and docu-
mented as pregrant i aubwine, is consisent with
reprodisctive patiecn: seen in Lhe closely reloted
denmestic enws In the Batter, there i a signili-
L'u:u.l|3.' |nr|i?_,r.r interval Betwer prlurition anet
flet Erst estrus than in neom-lactating cows | An-
duraon 1969) This delav in the cnset ol esiiud
in dormestic cows 15 caused primaelly by sock-
limg, suggesting o classic lactational anpestrus
iShort et al. 19800, and it i lkely that the saooe
phenamenon oocurs in bson, Interestingly, ihe
pereentage nf lactatiag bison cows being tended
increases from Julv theough the end ol August,
o pattern that summests that bison expeience o
lengthy post-partum intesval, Teom which the
physizlogically inactive guary Beging Lo fecovier
by Late Augnst, as is oomman Bo bactating de-
rrestic cows.

BESEARCH IMPLICATIONS

The remnate monitoring o ovalation aod
pregraney among bison of TN indicates that
pregraney pencrally oocurs on allernate vears;
approximately 155 of lactatiog cows will Le-
rome proegnant on consecutive years; the canse
of low pregnancy cabes o lactaling cows is fail-
ure to ovulate rather than pre- or neonatal losses;
aned endocrine evidence of evulation and prog
mancy s consisbent wilh sbeerved ceproductive
belayviors. The use ol wrinary and fecal sterapd
analysis can provide sale, accurats, and non
stresalul anetiods [or moniloring reprodiactinn
I Pras-rearing Bison. Thess technigues also can
b adi pled to olbee Deee-cangiog wildlife species
loaeuralely elimate repaoduclive variabies in
populations where caplure is difficull or impos-
stble (Lasley and Kirkpatrick DRELL
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