An assessment of the reproductive biology of
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using noncapture methods
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Ahstract: Five parameters of reproductive biology
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Marthern Range herd oocurred in cows in the same age Sroup. These datn indicate that (/) the number of live calves
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be used fo svaboate specific aspects of reproductive physiology among free-tanging unguslates.
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Trois processus physobopiques {orvulation, grosseese, pert de foesus) qui nffectent le succks de la roproduction ont &6
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groupe d'ige s sani troovées eoceintes che s sous-popilation des moatagnes du nord, Les donndes indiquent (i) que
be mombre de petits vivants b les tmux de groasesse sont sipmificativement réduits chez les femelles nousricaéres, (i) que
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olilisds prur évalser des aspects spécifigues de ln physiciogie de la reproduction chez les populstions libres d'onpgalés,
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Reproductive success varies greatly between populations and
is inflsenced by species-specific characteristics, fhiding
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putrition (Abler et al. 1976; Verme 1969; White et al. 19893,
popalalion composition (age structure and sex ragio) (Yerme
1983}, disease (Thorne et al. 1989), genetic factors (Chandley
ef al. 1975, climate (Verme and Docpler 10285, and human
harpsement (¥ urmaoloy et al. 1988), Interaction between these
faciors and their cffocis on reproductive physiology are
poarly defined for most inn species nnd what fittle
we know has been derived from controfled studies of rodents
{Chitty 1967; Christian 1950, 1970 Krebs 1978). Although
the ways in which reproductive success My chonge in
response bo changes in population density differ betwsen large
free-roaming mammals and rodents, there is sufficient knfor-
mation te develop hypotheses that may apply to ungulates. In
gencral lerms, Chilty (1967), (Krebs 1978), Christian (1950,
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1970), Christian and Duvis (1964), Christian et al. (1963),
and Chamov and Finerty (1980; all hypothesize that selec-
tion for aggressivensss in populstions with greater densities
i advantageons because it enhances an individual's ability to
compete for limited resoorces. Selection for aggressivensss
may, howover, also lead to endocrine-related procesics
related to siregs, which muy in wrn increass disease and muor-
tadity and ihereby resolt in reproductive failure.

More specifically, free-ranging bison (Bison bisom) have
been studied in several environments to provide o bebler
understanding of swelf-reguintion in large ungulutes, Three of
North America's 10 free-rosming hison herds (those m
Wood Buffalo Mational Park and McKenzie Bison Sanctiary
in Capads and Yellowstone Wational Park (YNP) im the
U.5.A.) are sl relatively onmanaged and respomsive 1o
envirenimentsl influences, Previows reports have demonstratd
signifbcant differences In reproductive success between thiss
heeds (Fuller 1962; Halloran 1968; Lot and Galland 1987;
Van Camp and Clef 1987; McHugh 1958). At least ope
report hus hypothesized ovulstion failure (Lot and Galland
1985} as the proximae cause of lowered reproductive utes
among some herds i hersh climates or on poeor mitritional

This study tested a model and methods for assessing
fecundity by means of focal and urinary hormone measurc-
ments. More specifically, the study scught to provide insights
into the physiclogical mechanisms of reproductive self-
rnpﬂu&miualarguﬁmﬁmmhgwgullhhymmgtm
reproductive responses of two herds with hiseorically dis-
parats population densitics to changing environmental condi-
tions. The study was undertaken after the extensive fores|
fires of 19688 in which approximately 30% of the wooded
areas of VNP were cleared by fire. Two subpopulations, the
Mary Mountain {MM) and Northern Range {(NR) herds, that
lived in rwo areas of YNF that were difforently affected by
thi fires were sshected for study. During the first two winlers
fallowing the fires, large ungulates in YNF were severcly
streased nutritionally, bt NR animals inhabiting the Lamar
‘Falkyhatﬂmnﬂrm:inhnhﬂlhgwrﬁmlﬂfﬂthiﬂhwd
m;ﬂinmcmdmphuniﬂnprhmﬂﬁimﬁumd
Singer 1996). Since 1989, growth of grasses on the ranges
of bath subpopulations has increased, The sizes of these two
graups of bison differed substantially; the NR herd has been
consistently smaller than the MM herd since the onset of
these studies, larpely because of snoual colling of NR
animals during winter months, when they leave the park.

These were nsed ns a model for understanding
the physiclogical basis for demographic changes occurring in
response to environmentsl changes, using actual reproduc-
tive potentinl rather than theorized reproductive potential to
evaluste the regulation of population growth in these two
herds. Actual fertility is a resuli of physiological processcs
but reproductive potential has heretofore been viewed only as
a theoretical construct. Most studies of reproductive success
in wildife have drawn upon recruitment as the endpoint
mensarement, yet immigration, emigration, predation, wnd
morality afl affect recruitment. The direct evaluation of
fecundity, in terms of ovulation and conceplion, provides a
better measmement of actual reproductive potential. The
presceat study was performed by applying noncapture methods
o evahuate the reproductive potential of individual cows.

Reproductive potentinl was used o determine the contribu-
ﬁmﬂfwmmmmmmmmuﬂmm
reproductive mie of the herd. The specific parameters that
were measured and compared included (i) calf production,
(i) calf survival, ({7} tending and ovulation rates of cows
during the hreeding azason, (iv) fall pregmancy rates, (v} age-
specific recruitment, and () estimaed fetal loss el -
natul loss rases,

Mathods

All fecal and urine samples and hehavioral data were collected
annuslly from the two subpopulstions of bison betwesn July 15 aed
| from F990 through 1993 ued during November from
1540 throngh 1993 Data collection from the MM herd wers con-
fined to nnimals inhshiring the Hayden Yalley and various locations
ahqﬂuﬂhﬂﬂemva;ndlmﬁﬂmﬁwﬂ!ﬂ'ﬂlﬂhmlnm
made hebween Soda Fuate and Tower Junction. Becuises cows may
mﬁrﬁ:r:uﬂrrmﬂi:gmlhﬂmlhﬂrhﬂcmlm,um
was taken to include s mamy groups as posalble within each sab-
popalation, Behavioral observitions were carried oot ns previmsly
described by Kirkpatrsck af al. (19921 fe determine tending rabes o
pairous behsvior. Obscrvations were carried our between sanrise
and sumast: & diserete band would be observed for 1—12 1 and cows
womld be classificd as toaded if they were separated from the bond
or hend by a mamre boll and not permitied 1o return to other
animuls. Other behoviors ased o identify ending Included kcking
of i cow's genitmdia by the ball and mounting. The towl number
of tended cows observed during the course of each seasGn WAE
broken dows mto sunbers of lactating and nonkscinting cOWE,

Counts wers conducted betwesn July 15 and Seplember 1 cach
ywmmdudndﬂdhhm,hmip;mddﬂlumhg ey
modure cows =2 years old), calves, and yearliops, Dhuring L1
and 1993, counts incloded sge cstimates for cach animal. Age was
extimated on the basis of horn angle and size {Poller 1955, Ritberg
1984), facial hair pastems, and bump size (Rushery 1984). Between
MIS-ﬁEq:mhﬂlmhyur,ﬂnpumufdwmﬂnm
her of Inctating 20d nonlictating cows. scen to be teaded by a bull
wiis recomided.

Afier Initistion of raliing sctivity each year [usually Augos
| —5). either urine or fresh focal somples were collected from
approximately equal numbers of inctating and poBlECTARing cows GOl
Humﬂilhﬁﬂﬁﬂﬂm-UMMH'ﬂ:nﬂmnd
hyplcﬁquﬂm-amhdﬂnh.wanﬂi—ﬁnninqﬁﬂ witnessed
elimimations, mio the barrel of plastic $-cc syringes. Urine samples
were loler ssparsied from the soll while still in the syringes by
means of o clinlcal centrifuge, ihen decanted and rozen withow
presecvatives. Utine samples were amlyzed foe peegnansdiol-3-
ghcaronide (PAG) using an endyme immuooassay procedure Hhat
was previonsly described (Shideler et al. 19Ky and valsdated For
application to hisen (Kirkparrick et al. 1991,

Fecal samples were collacted in plastic snap-lop coammimers and
ph:dmhem:hhmﬁaﬂyaﬂ::Muumﬁ:Ld. At the
end of the day the ssmgpbes were frozen until earaction and mesy.
leﬂ]ﬁ:lmmﬂﬁﬁhllnmhlﬁﬁmﬂlq
0,1% bovine scrum alburmin and 0% methanc], as described by
Shideler of al. (1993). Fecal semples were anabyzed for free poo-
pestervne (1) with an enzyme immueanssny described by Munro
pnd Sthenfeldt (1984). Concentrutions of wrinary PG and fecal
P, were wasd o If cowrs wens in the huienl phase of thelr
esirgus cycle nod, therefore, whether cvalation hod occwrred (Kirks
patrick ef al. 1991, 1992, 1993). A 2-fold increase in Py valoss,
which proved relisble in previous stsdbs with ear-tagged commes-
cial bison (Kirkpairick ef al, 1992; Larer et al. 1995 Komers
et al, [994), was osed #o signal that ovulation had occurred, The
possibility of false negatives, cowsed by sampling cows that had
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Table 1. Calving and yearling rates, 1590—1992,
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bW sbpogrlation ME subpopalution
1990 Lol 1992 150 1991 52
Toral no. of cows 524 1057 uTh 55 7T 252¢
Wa. of bunds 10 26 21 4 i 5
Mo, of cows with calves 241 (45.9) 422 (40.6) 419 (425 30 (54.5) 118570 128 (HBY
Mo. of yearlings - ITS 360 1TA (108 - Ty 127 (484

Mote: Mumburs in parentheses ore perceiiages

“Incades 153 live cows phus 109 killed during the provious wimes ia a coupvolied bunl vutsde YN
FNariteer af discoee Bands In which the sl number of cows were oheerved.
nchsies mHiucu]mﬁta#fﬂuummH]hhh»mﬂmuwim.

dineludes 101 v yeiings phas 16 calves kilied the previcas winger.

Tiible 2. Numbers of iended cows that were lsetarlng and nombsctsting in 1991 and 1992,

M subpopalation NR sabpopnibslkn

=23 a2 1991 992
No. of lactating cows 4 (i2.m 4 {17.% 1iL.®) 6133
Mo, of sontscinting cows 27 (RT.0) 19 {B2.4) 53 19.1) 39 [B6.&)

Mote: Mumbers in perentheses pre pefoentdgen.

avalited, reached the end of thelr estrous cycle, of were exhibiting
low P, comcenirations, was nof nsled oul. This opporamty for
£rror wos minimized by concemtrating sample collections for ovila-
tion detection widhin a 2 1-day period foflowing the thind day after
the omset of rudting activity. Despalc these precantions, wo presc
the data s sarimoted ovulslson raies,

The approximatedy equal numbers of samples coliected firom kee-
eaiing amd nembsctating cows throaghoat Movember each year were

for armery PdG, fecal Py, ond fecal sotal estrogens, as
described by Kirkparrick ef b, (1992), to determine pregnancy
ates. Pregaancy rates in Movember 1990 and 1991 were wiilh calv-
iog raked in dhe summmer of 19891 and 1992, respectively, 10 catimate
Fetal Jose rates, Calf counts in Angwst 1990 and 1991 were com-
pared with yenrfing counts in Aupust 1991 und 1992, respectively,
tor estimnale calf boss,

Duta collected by the National Park Scrvice from 268 hison
killed quisido ¥YMP, primearily from the KR berd, were made ovaila-
Hle for this stedy. These date inclmled age-specific pregnancy talis
and were compared with data collected from bison in the park by
noe-invasive mechods, Differences In calving, tending. ovulation,
and pregnancy rutes betwesn the twn sshpopulatioe: and scross
vears were tested for significance by & tests with Yates® comtinaity
correction. Differgnces in fetnl loss (fall pregnancy mbes versus
spring calving rades) were tested for sigaificance by peined § wsls.

Recovery of H-labeled P, from bison. fecal samples was
&1 &%, The intra- and inter-assay coefficiems of varialion
were 2.9 and 14.7% for the urinary PdG assay, 7.1 and
13.8% for the P, assay, and 6.4 and 15.7% for the estrogen
assAy, Tespectively.

The numbers and percentages of aduolt cows with calves
in the MM and NR berds for 1990, 1991, and 1992 and the
numbers and percentages of yearlings for 1991 and 1992 are
shown in Table 1. The percentages of muture cows produc-
ing cabves in the MM herd for these 3 successive years were
45,9, 40,6, and 42.8'%, with o mean of 42.6%. This com-

with 54.5, 57.0, and 48.8%, with a mean of 52.6%,
for the NR herd for the same 3 years. The difference in calv-
ing rates for the two subpopulations for 19901992 was
significant {p < 0.001), Calf loss, based on the prey oS
year's calving rates and the following year's yearling rates,
was 38.9% over 2 yoars nmong the MM animals and 24.0%
for the NR herd, Despite these strang trends, differences in
calf loss Tates between herds were not statistically significent
{p = 0.511) because of year-io-year variation,

Within both subpopulations, the proportion of tended
cows thal were lactating increased between 1991 and 1992
amd there was a corresponding decrease in the proportion of
tended cows that were not lactating during the same peebod
{Table 2). The 2-year mean for all MM cows observed being
tended (85.1%) was not significantly different from the mean
for NR cows (92.3%; p > 0.80). The difference hetwpen
tznding rates among lsctating cows across the two herds was
wot significant (p > 0.9). During August 1992, 21 of 23
(91.3%) cows ohserved to be tended in the MM herd for
which age estimates were available were =4 years old, com-
pured with 35 of 42 (88.3% ) tenided NR cows in the same age

The totsl mumber of sampled sdult cows estimated ©
be ovilating between the onset of the rutting season and
1in 1991 and 1992 was 126 for the MM herd and
128 for the NR herd. Differences in estimated ovulation raes
between the two herds (65.9% for the NR herd versus 488%
for the MM hend) were statistically significant (p < 0.003)
in 1991 but not significant (p > 0.01) in 1992 (M.6% for
the NR herd versus 46.6% for the MM hend).
Dwring the same 2 years, the ovolation riles aimong non-
huctating animals for 1991 and 1992 were 77.1 and 75.8% in
the MM herd and 73.1 and 68.1% amwng nonlactuling cows
in the MR herd, respectively, Fower nonlactating cows Ovi-
lated in 1992 than 1991, but more loctating cows in both
herds ovulated during the same years, making up the differ-
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Table 3. Pregrancy rams in November 1990— 1992,

M suhpopulssen ME subpopulntion
1 L] {902 | 9 98] 1992
Total wo. of cows testod B3 Bl 54 ] &7 A2
No. of pregmancice 12 (37.6) 36 @5 0 (37 41 @93 45 (5L.T) 2B (3.8
o, of lactaling oows 5 {15.8) 6 {16.6) & (30 6148 11 (24.4) B [28.5)
N of noolaitaring cows 27 (M43 30 (R23) 4000 35(RSF) M (TR X (7L4)

Mbe: Mumbers. |0 porendieies are pereeiimges.

Taohie 4, Ape-specific calving rates in 1992,

Table 5. Age-specific pregnancy raies in Novembes 1992,

MM subpopelntion  WE sehpopulsizon

Total so. of lectling

cows aged =5 years 115 114
Age af cows with calves
2 yoafd (LR LH] LR 1
3 westy 1026 2T
4 years i1 (@51 b6 {14.00
=5 years 100 (E7.8) 25 (B4.3)

Mide: Momber m parcitheses are pervenliges.

ence, which is consistent with the corresponding increase in
tending rases. The incresse in estimated ovulation rate for
lactating cows was 4 99% for the NR herd anel 1.3% for the
MM herd. Significantly more {p < 0.001) nonlactating than
|sctating cows ovalated in both subpopulations during the
stusly, The probability that & lactating cow was mere likely
t pvalate in the NR population than in the MM population
was mot significant {p > 0.1},

The mean rate for MM cows from 1990 o
1092 was 30.8%. with 79.1% of pregonancies among non-
lactating onimale (Table 3). Among NR cows, the mesn
pregnancy rate wus 51.6% for the same period, with 77.7%
of all pregnancics among nonlectating cows. The difference
in total pregnancy rates berween the two populations o
1990 through 1992 was significant (p < 0.005), but the
difference in the numbers of pregnancies among nonlactating
coAvs aeross the two subpopulations wad not significant (p >
0.9). By comparing the previous year’s fall pregnancy rates
with the next year's calving rates, estimated fetal Inas rates
after Movember were 0 and 2.1% for the MM cows for
1990 — 1991 and 1951 — 1992, respectively, and 0 and 2.7%
for the same 2 years for the NR cows, with no significant
differences (p > 0.5) bedween the two subpopukations.

Within both subpopulations, the percentage of lactating
oowa that were pregnant increased between 1990 and 1392
(Table 3). In addition, the overall pre rate for both
lactating and nonlactating MM cows was 37.6% in 1990,
increasing by en additional 7.4% in 1991 bat returning o the
1990 rage in 1992, whereag in the NR herd the overall preg-
naney rate climbed from 49.3% in 1990 to 51.7% in 1991
and 53.8% in 1992,

Approximaiely 83% of all calves were born to cows
=5 vears old (Table 4). Among MM cows, 7T0% of all diag-
nosed pregnancies wese among animals =5 years old, and
pmong the NR cows, 7T8.4% of all disgnosed pregnancies
were among animals = 5 years old (Table 5). Thers were no

bl MR
wibpopalation  subpopalation
Togal no, of cows tesbad M h
Toml no. of cows pregnant 03T 28 (318
Mo, of pregoat oows: aged:
2 years LR ih {0
3 vears % 4 {14.2)
4 years 525 rArA |
§=7 years B 4d) 5 (178
=E yeafi £ (30 IT (60.7)

®nke: Mumbers m pumﬂ-ﬁﬂ BT PeETCEmlE e,

mgmhamhﬂ:ﬂngmﬂmtwm <5 years obd in
nﬁhupnputh-D-flﬂ!!nuumfnndnrmmmnmth:rd
killed outside YMNP during the winier of P91 —1992,;
4% (44.0%) were pregnant. Of these 109 females, 84 were
of known age and of thesc, 48 were pregnant (57.1%); of
these 48, 33 (B0.5%) were cows =3 years old (Taylor
Lted B

There were significant climatic differences between the
two subpopulntions during these stadiea (Tubbe &), with =ig-
mificantty less snowfall recorded at the Mortheast Entrance of
the park, closest 10 the NR herd, February and March arc the
peak months for accumulated snowiall, The S-ycar meon
tempermures for February and March did not differ sigmifi-
cantly between the two study sites, but the 5-year mean snow
depths were significantly grester in the Hayden Valley
(closest to the MM herd) in both February (7 = 0.002) and
March (p = 0.012).

Discussion

Validation of the accumcy of remote detection of ovulation
and pregnancy under fisld conditions s always difficuly. In
the case of hison, the methods were first validated with both
captive commercial and free-roaming animals (Kirkpatrick
et al, 1061, 1992, 1993), Nonetheleas, in the current study
it was cncoursging to sec the similarity in dats between
observed temading and calving rates for lactating and non-
loctating cows and estimated ovulation and preghancy rutes
for the same bW groups. Accaracy wes further confirmed by
the sirong similarity between the scarcity of calves among
cows =4 years old, the scarcity of pregnancies ainong this
group, and the correspondingly low pregnancy rales among
animals of this age group that were kilked and examined out-
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Tabbe 6. Mean temperaturss and snowfall Gor Canyon (WM herd) and the Mortheas!

Entrance (MR herd) in Febmary and March 1989— 1593,

Bebroany Marth
Temp. Srurwiudl Temp. Sl
Weather sintion Year {40 ) ") (e}
Camyon 1989 =g 6 1 3,10
15940 -3 27.0 2 0.0
19 2 19.4 | 470
1992 2 I | ] 4.6
1953 -1 o 4 .9
Soyear mean ¢ 5B —1441.44 130143 344057 2931161
Moriheast BEndrance Lt =3 16.9 . .7
| G -1 7.8 5 Al
1991 i 11.8 3 6.7
1992 i 17.6 B 19.9
19937 -1 - & —
Siyeqr mean 4+ SE 034171 MW 1E1.43 £ R+1.07 1971107

My gnoadall dote ars mailabie for 1953,

side the park. Taken collectively, ohserved behaviors and
calf conmts, estimated ovulation sl pregnancy rates, and
data from kilied snimals all provide 8 consistent phofure.

Reproductive success, defined earlier as dhe oumber of
live calves divided by the number of sexually mature Cows,
was slgnificantly grester In the smuller MR herd than in the
MM berd over the 3 years of this study. While the difference
was oot statistically signifieant, the calf loss rate for the
MM berd was 14% higher than that of the NR herd. Measar-
ing the reproductive success of free-rowming populations =
the number of live culves divided by the number of mature
cows over so few years may be overly simplistic: neonstal
hmmyradnmﬂummﬂ:ﬂnﬂmﬂlmahunmﬂmdmia
in turn may obscure other important physiological mesh-
BTHSLTES,

An obvious wenkness of the remote pregnancy-testing
approach is the inabllity tv measure early prefFrancies, st
least among bison. Pregnancy determination based on url-
nary or fecal testing is not refiable wntil the third month of
gestation (Kirkpatrick ct al, 1992). Deapite this shorcoming
of the methadology, compurisons of witnessed tending rates,
estimated ovulation rates during the August BCARON,
and pregnancy Tutes later in fafl can provide insights into
early pregnungy iosses.

The ability to measure pregrancy rates among cows in the
two subpopulations permified evaluation of both neonatal
boss and fetal loss o8 a cause of differential calving rates.
Firatly, a comparison of fall pregnancy fates with calving
rates the following summer indicated thae differential neo-
natal loas cates nmong calves were not & factor in the dif-
fereniial calving rates in these two VNP subpopulations.
Secondly, a comparison of fall rides during the
winiers of 1991 —1992 and 1992 - 1993 with calving rates
during the respective following summers suppons. the con-
tention thot fetal Toss, sfier Novermber, was nod o significant
factor in decreased calving rates among YNP bison.

In spite of the apparent increase in tending, ovalation, and
pregoancy retes in lactating cows over the 3 years of the

study, field observations provided circumstantinl evidence
that relasively few lactating cows were experiencing esiTis,
mmwpﬁﬂm&wmmmmm;mmmmmﬂw—
tating cows. Estimated ovulation rates, based on urinery PdG
or fecal P, levels, confirmed that only a small number of
lactating cows were ovaluting, This conclusion was further
supported by a similarly low fall pregaancy rste among lac-
tating cows. Thus, dats derived from fedminte determinstion
ang estimation of ovulation and pregnancy retes permitied
construction of 3 pattern of reproduction based on physiolog-
ical machanistme. Overall, Inctating bison cows reproduce al
significantly lower rates than nonlaciating cows; the proxi-
mate cause of this failure o reproduce i3 failore to display
estrus and failure fo evulate; neither fetal loss after 3 months”
gestation nor necnatal loss has a significant effect upaan
ive oulcome for YNP bison.

While the focus of this study was development of » model
for noneapture: studies of reprodwction in froe-Toaming wngu-
Istes in general, the findings are consistent with data from
oaher hizon herds Hving in eavironments with a harsh climate
ot suffering from poor mutrition. The survival rate of YNP
higon calves is similar o the low survival rates previously

for bison at YNP (Meagher 1973), Wood Bulfalo
National Park (Fuller 1962), Wichita Mountains Wildlife
Refuge (Halloran 1968), Sanin Catalina Island (Lot and
Galland 1987), and Slave River, N.W.T,, Canada (Van
Camp and Calef 1987). In ihe Jatter cuse, culves made up
15% of the head in May of ench year but < 2% by the fdlow-
ing March. The poor survivel rate of YNF calves provides
& striking contrast 10 the high survival rates among bison of
Brdlands Mational Park, where the juvenile mortality rate
over a S-year period was <2% (Berger 1992).

The reproductive ssccess of YNP bison is significantly
bower than that of commercial bison herds and severnl free-
roaming herds, Only 40—30% of the YNF cows thal are
=3 years old are spccessful in producing live calves annu-
ally, but calving rates for bison cows aged 2— 12 years were
TE—100% among bison on the National Bison Runge, Montma
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(McHugh 1958), approximarely 75% in Theodors Roosevelt
Mational Purk (Roger Andrascik, Mations] Park Service,
personal communication), and 80—95% among commercial
bison herds (McHugh 1958).

Two primary observations relate to this overnll lower
success wmong YMP bison. Fimt, successful reproduction
amungymmgmwsisd:hﬂdmmpnmlwhﬂtmmm.
and more than 35% of all calves are born to amimals
=5%ears odd. We found no I-year-olds producing caives,
while Shaw and Carter (1989) reported @ 12% calving rate
among 2-yeqr-old bison from Wichitn Mountains Wildfife
Refuge. The latier reported calving rates for bison cows in
the age-classes 3—7, & ~13, end 14— 18 years, and it was not
possible to compare 4 or S-year-olds with those in YMP.
Second, there could be an altermste-year reproductive pattern
among YNP cows, with approximately 85% of lactating
mﬁﬂﬂmmﬂxﬂdﬂﬂugagﬁvmjm-h[u;lﬂf
(1973} suggested & similar pattern of reproduction m YNF,
and more recently the same patiem was obseryed among
hﬁ;}ﬂl‘ Badlands National Perk (Cusningham and Berger
1 :

We can attribute reproductive failure among the YNP lac-
mlngmstnﬁujhu'anfﬂmwnﬁnmrmminﬂmfm
the rurting season. Soper (1941), Fuller (1961}, and Halloran
{15968} interpresed reduced ferility in some bison herds as
the expression of a 3-year cycle in which cows calved for
4 snccossive years, the coengy load of pregnancy and lacta-
tion progressively delaying the next year's ovalation. By the
third year, the accamutated delay imipaired soccessful bresd-
ing. Lott und Galland (1985) demonstrated that individual
variation in culving rates between cows in the same envi-
ronment was not consistent with such a simple sequence of
events, The present study provides evidence for a unifying
concept that includes consideration of age in addition to
environmental influences a8 regulatory factors. The present
dati suggest that harsh environmental conditions contribuic
w prolonged lactstion and delayed ovulation the following
seasm, but this delay Is more severe for younger than for
older cows. The differential impact of o harsh environment
on fully grow, lactating ncbubt females and on still-developing
females that are lsctating may have contributed to the differ-
ences in reproductive success observed by Lot wid Galland
{1285}

The present sfudy sugpests thar af least three variables act
to influence the overall reproductive performance of YNP
hison herds: environmental conditions, sge, and lactational
stams. Environmental conditions sppear to have the most
profound and genesal impact, since, during the study period,
the MM berd was Jess productive than the NR herd. Both
herds, however, exhibited positive chanpes in reproductive
Fﬁﬁmhuhﬂlwmmm,hﬁnﬁu
that within each environmental sctting or microhabitat,
the reshdent herds are capable of an immediste reproductive
response o more favorable conditions (by imanediate we mewn
that it was manifested in the following year's count of live
culves per sexually mature female). Whike i is not clear
which comfitions {amount of forage enhanced by the clearing
effect of the fires, or increases in snowfall reducing access
mﬁ:rag:inwinn&nnﬂinmahuﬁmghgﬂ:m‘uﬁnmdm
ohaerved changes in reproductive perfonmance, the eoviron-
mental impact clearly operated at the level of ovarian func-
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ten by delaying recrudcscence and preventing ovalation.
While the fires of 1988 may have provided the muritional
base for the overall incrensed performance af cows in both
herds over the 3-year study period, the incresse in the
of forage was not sufficient 1o maintain the early
positive tread scen in the MM berd. This trend may have
been facilitaed by reduced snowiall in combination with
increased forage from the firea, but the increased snowlull at
the end of thes: studles neatralized or eliminated this fweili-
tative effect, resulting in the negative inflection i the
MM herd prognancy rwle.

While compurisons with closely related domesticated,
semidomesticated, or intensively managed animals of the
same specics may provide some wseful cloes to the physio-
logical mechanising underlying repraductive success, such
ohservations might obscure the reproductive strategies thal
have mude this species so sucoesafol. There are considerable
differences between YNP bison, which, except for shooting
of MR animals that leave the park in the winter, are relatively
unmanaged, and ofher bison berds, which are imtensively
managed, with respect to nutrition, climate, genetic manipu-
tation (culling of barren animals), and time of weaning. Ulti-
mate explunptions of the small difference in call production
between the wo YHP foms e ennaeber the syner-
gistic effects of local (§) natritional differcaces, (if) climatic
differences, and (1) populntion density. Under natiral con-
ditions, witheut genetic munipulation, supplemental feedig,
or regular culling of barren animals, the reproductive perfor-
mance of the YHP bison may be “*normal™ or even pood,
given the climatic conditions ander which these animals lve.

Mare broadly, the methods described in this sudy help
address the basic evolutionary concept of fitness, i.e., an
animal is either capable or not capable of reproducing in a
mmm-mummmmnmmmm-
mooe levels allows evaluation of ndividusd fecundity, or the
capacity to reproduce, and realized fertility, or the actial
member of conceptions. These evaluations cam be compared
with the number of live births attributable o un individual
during its reproductive lifetime. Taken together, thess assess-
mients bring us closer 10 a practical, is opposed 1o theoretical,
means of assessing the fitness of individuals in free-roaming
popalations and to relevant estimates of future expansion or
contraction of their mumbers.
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