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Elk (Cervus elaphus) and other populations grow
only if population level productivity exceeds popu-
lation level mortality (White and Bartmann 1997).
Conception is the first step in population productivity,
and many studies have demonstrated a link between
age and condition and productivity in Elk (Clutton-
Brock et al. 1982; Cook et al. 2004) and other ungulates
(Verme 1969; Albon et al. 1983; Sæther and Haagenrud
1983; Anderson and Linnell 2000; Lomas and Bender
2007; Hamel et al. 2009). Juveniles, older females,
and females in poor condition produce fewer young
because of delayed sexual maturity, failure to ovulate
or conceive, and/or the bearing of weaker neonates
that do not survive to reproductive age (Verme 1969;
Gaillard et al. 2000; Cook et al. 2004; Lomas and
Bender 2007).
Uncertainty exists as to which factors are most

closely related to probability of pregnancy in Elk,
which thresholds are key for managers who want to
assess the potential productivity of free-ranging Elk
herds, and whether these thresholds vary among popu-
lations (Cook 2002; Raedeke et al. 2002). Further, it
is important that these relationships be quantified for
free-ranging Elk in a variety of geographic areas and
habitat conditions. Most efforts to quantify pregnancy

relationships have used penned or farmed Elk herds
(e.g., Hudson et al. 1991; Cook et al. 2004), but free-
ranging and penned Elk live under extremely dissimilar
conditions and may thus exhibit disparate relationships
between body condition and pregnancy. Similarly, free-
ranging populations differ in the quality of habitats
occupied, which may affect condition, including abso-
lute and relative size of Elk and the consequent likeli-
hood of pregnancy (Clutton-Brock et al. 1982; Bender
et al. 2003; Piasecke 2006). Because thresholds derived
from a single population cannot indicate potential vari-
ation among populations, it is unknown whether exist-
ing models of pregnancy or thresholds actually apply
across Elk populations. Consequently, our goals were
(1) to determine relationships among pregnancy, age,
and mass of adult and yearling cow Elk in Michigan
and (2) to determine whether relationships in Michigan
were similar to thresholds from models developed for
other free-ranging populations and for penned popula-
tions.

Study Area and Methods
Study area
Our study population inhabited northern Great Lakes

forest in the northern lower peninsula of Michigan
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FIGURE 1. Probability of pregnancy for ≥ 2.5-year-old (�; A) and yearling (��; B) Elk in Michigan as a function of body mass
(kg) in late autumn. Also shown are models of adult pregnancy from northwestern New Mexico (�; Piasecke 2006)
and the Sacramento Mountains in south-central New Mexico (�; Halbritter 2007) and a model of yearling pregnancy
developed from penned Elk (��; Cook et al. 2004). 
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(ap proximately 45°19'N, 84°18'W). Vegetation cover
in the primary Elk range was mostly forest, with scat -
tered agricultural land and wildlife openings. Approxi -
mately 79% was in forest cover types, primarily north -
ern hardwoods, aspen (Populus tremuloides and P.
grandidentata), pines (Pinus spp.), and coniferous
swamps (Moran 1973). Temperatures ranged from a
mean high of 26.7°C in July to a mean low of −13.3°C
in January. Mean annual precipitation was 90 cm, with
56% falling from May through September. Mean
annual snowfall was 380 cm.
Elk in Michigan were not migratory. During our

study, Elk density was ≤ 0.7 Elk/km2 and bull/cow
ratios averaged 56/100 (Bender 1992). Greater than
40% of bulls were > 4.5 years old (Bender 1992).

Data collection
We collected data from harvested Elk examined at

mandatory hunter check stations or at kill sites which
were marked by hunters in the field in early December.
We aged Elk to the exact year using cementum annuli
from an extracted tooth or to approximate year using
tooth eruption and wear (Keiss 1969). We also placed
Elk into three categories, yearling (age 1.5), prime-
aged (2.5–11.5 years), or old (≥ 12.5 years), to test
for differences among age classes (Bertouille and de
Crombrugghe 2002).  
We determined pregnancy status and the proportion

of cows that were pregnant (number of pregnant cows/
total number of cows sampled) for yearling, prime-
aged, and old cow Elk, December 1984–1991, using
serum progesterone levels determined from blood
samples collected during December hunts, which usu -
ally occurred during the first week of December. Elk
with serum progesterone levels of 1.0 ng/mL or higher
were considered pregnant (Bender et al. 2002). We
determined lactation status for adult cows by inspecting
either Elk gut-piles or remaining mammary tissue on
hunter-harvested Elk, 1984–1991. Mammary tissue
still secreting milk indicated that the harvested cow
was either still nursing a calf or had been nursing a
calf within 3–11 days (Bender et al. 2002).
We estimated live body mass from hunter-dressed

carcasses where live body mass equalled hunter-
dressed carcass mass divided by 0.67. We used this
correction because it was developed from the same
subspecies of Elk (C. e. nelsoni) during the same time
period, both temporally (December) and with respect
to annual Elk body condition patterns, as our study in
Michigan. Although variation exists in correction
fac tors, much of this variation is due to subspecies dif -
ferences and seasonal differences, such as differing
seasonal body condition and feeding rates (Bender et
al. 2003).

Data analysis
We compared mean body mass of Elk by age class

among years and between age classes using ANOVA
(Zar 1996). We compared pregnancy rates among age
classes and years using contingency tables (Zar 1996).  

We used logistic regression to model the dichoto -
mous outcome of pregnancy (i.e., pregnant, not preg -
nant) for adult cows as a function of age, age class,
lactation status, and mass (Hosmer and Lemeshow
1989). We compared fit of models using Akaike’s
Information Criterion (AIC), the Schwarz Criterion
(SIC), pseudo-R2, and model concordance (Hosmer
and Lemeshow 1989; Burnham and Anderson 1998).
We similarly modeled probability of pregnancy for
yearling cow Elk as a function of body mass only,
because yearlings would not show differing lactation
status as Elk do not breed as calves (Raedeke et al.
2002).  
We compared predictive models from Michigan

with previously published models or thresholds of
Elk pregnancy for Rocky Mountain Elk for age and
mass. We used randomization tests to compare models
by generating N = 1000 values for each parameter using
the mean and standard error, calculating a difference
vector for each paired comparison, and calculating the
number of extreme values out of the N = 1000 pos -
sible to determine the probability that the estimates
differed (Bender and Hall 2004). When published
models did not include standard errors of estimates,
we used 90% confidence intervals around our para -
meter estimates to see if the parameters from extant
models fell within these CIs. If they did not, the
models differed at P < 0.10.  

Results
We gathered data from a total of 513 (420 adult, 93

yearling) Elk that were harvested by hunters from
1984 to 1991. Neither yearling (F6,68 = 1.4; P = 0.222),
prime-aged (F6,319 = 1.6; P = 0.144), nor old (F5,25 = 0.7;
P = 0.613) cows varied in body mass among years, so
we pooled data for comparisons among age classes.
Mass differed (F2,429 = 175.9; P < 0.001) among age
classes: yearlings (P < 0.001) were lighter than prime-
aged or old cows, which did not differ (P = 0.949) in
mass (Table 1). Similarly, pregnancy rates did not vary
among years for yearlings (χ26 = 2.2; P = 0.889),
prime-aged (χ26 = 2.8; P = 0.830), or old (χ25 = 5.3;
P = 0.383) cows, so we pooled data over years for the
following tests. Pregnancy rates differed by age class
(χ22 = 136.3; P < 0.0001). Prime-aged cows had
higher pregnancy rates than yearlings (χ21 = 135.5; P
< 0.0001) or old cows (χ21 = 22.0; P < 0.0001), and
old cows also had higher pregnancy rates (χ21 = 8.9;
P = 0.003) than yearlings (Table 1).  
For individual adults, age (χ2 = 12.6; P = 0.0004),

age class (χ2 = 16.4; P < 0.0001), and body mass 
(χ2 = 7.4; P = 0.006) were related to probability of
conceiving, but lactation status (χ2 = 0.4; P = 0.515)
was not (Table 2). The best supported model included
mass, and odds ratios indicated that the probability of
pregnancy increased 1.02× for each 1 kg increase in
body mass (Figure 1). Odds ratios also indicated that
prime-aged cows were 4.86× more likely to conceive
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than old cows, and that overall probability of preg -
nancy was 1.14× less likely for each additional year
of age. Probability of pregnancy was also positively
(ß = 0.0388 [SE = 0.116]) related (χ2 = 15.8; 
P < 0.0001) to body mass of yearling cows (n = 75).
Odds ratios (1.04; 95% CI = 1.02–1.06) indicated
that the probability of pregnancy increased 1.04× for
each 1 kg increase in yearling body mass (Figure 1).
Predictive models of pregnancy as a function of

body mass differed between Michigan and models
for free-ranging Elk in northwestern New Mexico 
(P ≤ 0.048; Piasecke 2006) and Elk in the Sacramento
Mountains of New Mexico (P ≤ 0.020; Halbritter 2007)
(Figure 1A), and these two models also differed 
(P ≤ 0.10). Models of yearling pregnancy in Michigan
dif fered from a model developed from penned yearling
Elk (Cook et al. 2004; constant = −52.688, β = 0.287,
P < 0.10) based on exclusion of the Cook et al. (2004)
coefficients from the 90% CIs of model coefficients
for Michigan; free-ranging yearlings in Michigan were
more likely to conceive at lower mass (Figure 1B).  

Discussion
Both mass and age of individuals affected pregnancy

in free-ranging Elk in Michigan, similar to other large
mammal populations (Samson and Huot 1995; Bérubé
et al. 1999; Solberg et al. 2002; Nahlik and Sandor
2003), including Elk (Hudson and Haigh 2002). The
best overall predictor of pregnancy was body mass
(Table 2). Mass reflects total energy reserves available
to Elk (i.e., total fat and muscle reserves), which may
be more important to pregnancy than relative measures
such as percentage body fat (Frisch 1984; Piasecke
2006). Further, mass typically increases with age until
reproductive senescence occurs (Bender et al. 2003).
Our results thus support other general conclusions that

show that cows in better condition (i.e., more total
mass, fat, muscle) or more dominant cows (usually
larger) are more likely to be pregnant (Clutton-Brock
et al. 1982; Frisch 1984; Hudson and Haigh 2002;
Cook et al. 2004), and refute others that say mass has
no effect on pregnancy (Willard et al. 1994). Work
with other large mammals (for example, bears [Ursus
americanus; Samson and Huot 1995], Bighorn Sheep
[Ovis canadensis; Bérubé et al. 1999], Moose [Alces
alces; Solberg et al. 2002], Wild Boar [Sus scrofa;
Nahlik and Sandor 2003]) has similarly found that size
or total body reserves are important in pregnancy and
total reproductive effort (i.e., numbers of offspring
successfully produced).
Previously, conception in adult Elk has been thought

to be precluded when cows weigh < 200 kg; at ap -
proximately 260 kg, the pregnancy rate is > 90%
(Haigh and Hudson 1993). In Michigan, the pregnancy
rate rose above 90% at ≥ 275 kg and was still > 60%
at approximately 160 kg (Figure 1A), the smallest
adult cow we observed in Michigan. This lower mass
threshold was lower than thresholds previously pos -
tu lated, which were based on farmed Elk. Work with
Red Deer (C. elaphus) also revealed strong relation -
ships between pregnancy and mass (Albon et al. 1983;
Bertouille and de Crombrugghe 2002), although
weights cannot be directly compared with our data
because of subspecies differences.  
Similarly, our data showed that yearlings were more

likely to be pregnant at lower mass and less likely at
higher mass than penned Elk (Cook et al. 2004). In
our study, predicted yearling pregnancy did not reach
90% until mass had risen above 257 kg in Michigan;
Cook et al. (2004) found yearling pregnancy of >
90% at 195 kg. Conversely, yearling pregnancy did
not drop below 10% until the 145 kg level in Michigan,
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TABLE 1. Proportion (SE) of pregnant cow Elk and mean body mass (SE) of free-ranging Elk in Michigan by age class.

Age (years)
1.5 2.5–11.5 ≥12.5

x– n x– n x– n

Pregnant 0.31 (0.03)a 93 0.88 (0.01)b 382 0.60 (0.09)c 37
Mass (kg) 177.2 (3.6)a 75 241.8 (1.4)b 326 249.2 (6.2)b 31

Means with the same letter are not significantly different (P > 0.05). 

TABLE 2. Variable χ2 score and associated probability, Akaike (corrected for small sample size) and Schwartz information
criteria (AICc and SIC), model R2, model concordance (Con), slope parameter estimates (ß and SE), and odds ratios (95%
CI) for logistic models of pregnancy for Elk cows ≥ 2.5 years old in Michigan.

Variable χ2 P AICc SIC R2 Con ß (SE) Odds ratio (95% CI) n

Mass 7.3 0.007 315 318 0.35 60 0.015 (0.005) 1.02 (1.01–1.04) 357
Age 13.4 <0.001 353 357 0.05 53 −0.115 (0.032) 0.891 (0.838–0.948) 419
Age class 18.3 <0.001 353 357 0.07 23 0.791 (90.185) 4.86 (2.36–10.02) 419

Lactation status 0.4 0.511 268 272 0.0002 25 0.109 (0.165) 1.24 (0.65–2.38) 306
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as compared to approximately 175 kg with penned
yearlings (Cook et al. 2004) (Figure 1B).
In contrast, there were fewer differences between

our data and previous studies of free-ranging Elk. In
Yellowstone, yearling cows did not conceive when they
were < 152 kg, 10% were pregnant at 152–163 kg, and
25% were pregnant at 163–169 kg (Greer 1968). At
those masses, approximately 13, 13–19, and 19–23%
of yearlings in Michigan were predicted to be pregnant,
respectively. Thresholds for yearling pregnancy of
180 kg (Cook et al. 2004) and 190 kg (Hudson et al.
1991) found for penned Elk were also higher than we
observed for free-ranging elk in Michigan; > 31% 
of yearlings in Michigan were predicted to breed at
180 kg (Figure 1B), and 26% (8/31) actually did.
Pregnancy in yearlings exceeded 10% at approxi mately
145 kg, suggesting that this value may be a more robust
threshold for free-ranging Elk. This was approximately
60% of the average body mass of cows ≥ 2.5 years
old in our study (242 kg). This proportion was also
lower than a previously proposed yearling mass
threshold (70%), again from a study on penned Elk
(Hudson and Haigh 2002).  
Different mass thresholds necessary for pregnancy

among free-ranging populations (Figure 1) illustrate
that, although the probability of pregnancy rises with
mass, the actual relations are population-specific; thus
data from a single population should not be generalized
to all Elk populations. This agrees with the hypothesis
that Elk, particularly yearlings, may not have a specific
mass that must be reached in order to conceive, but
that they must reach a certain proportion of their adult
weight (Haigh and Hudson 1993), which varies by
population (Bender et al. 2003). Moreover, published
thresholds derived from penned or farmed Elk popu -
lations should not be used to assess the performance
potential of free-ranging Elk, as threshold levels were
always much higher for penned or farmed Elk than
for free-ranging Elk. Penned Elk may require better
levels of condition than free-ranging Elk because of a
loss of fitness due to captivity or domestication (Leo -
pold 1944).    
Certainly free-ranging Elk confront much different

foraging, survival, and other challenges than penned
Elk, which face no competition, predation, or debili -
tation (due to veterinary care), do not have to spend
time searching for food, and encounter minimal dis -
turbance. The process of captivity or domestication
itself may alter phenotypic or genotypic quality of
animals (Leopold 1944). These issues can affect free-
ranging populations as well; for example, yearlings
and cows ≥ 2.5 years old in Michigan may not have
performed as well at the higher ends of condition as
Elk in penned studies because of factors such as dis -
ease, which could interfere with reproductive ability
or cause fetal loss. Fetal loss is rare but present in
free-ranging Elk (approximately 3.7% [SE = 1.8%];
Piasecke 2006), and some diseases or other harmful
factors may prevent conception from occurring.  

Pregnancy is also affected by the age structure of a
population (Table 2; Clutton-Brock et al. 1982; Gail -
lard et al. 2000; Raedeke et al. 2002). This effect could
be particularly important in populations in excellent
condition, because when no nutritional stress is occur -
ring, only extreme youth or age might limit individual
reproduction. Although prime-aged cows in Michigan
were 4.9× more likely to be pregnant than old cows,
pregnancy rates of old cows (60%) were generally
higher in Michigan than were reported elsewhere for
Rocky Mountain Elk (< 50%; Raedeke et al. 2002).
Higher rates of pregnancy in old cows in Michigan
may have been a result of high body condition (Bender
et al. 2003). Lactation status had no effect on prob abil -
ity of pregnancy in adult cows in Michigan (Table 2),
whereas successfully raising a calf can result in lowered
probability of pregnancy for malnourished cows (Cook
2002; Raedeke et al. 2002; Piasecke 2006). However,
high nutrition can likely only limit reproductive sene -
scence to a degree. In Michigan, old cows were able
to maintain relatively high (77%) pregnancy until age
18.5 years, but we found no pregnant cows aged
19.5–22.5, the oldest age we observed in Michigan. 

Implications
Mass was the best predictor of pregnancy in Michi -

gan, similar to results from other free-ranging popula -
tions (Piasecke 2006), likely because mass indexes
both total body reserves and age effects. Relationships
vary among populations, however, because of differ -
ences in habitat quality, genetics, etc., and their con -
sequent influences on size. Managers should develop
or calibrate mass–pregnancy curves for their local
popu lations to assess pregnancy relationships for accu -
rate predictions. Managers should also be aware that
mean pregnancy rate is not a sensitive indicator of mean
condition of an Elk herd, because it can be confounded
by factors such as age structure of the population.  
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