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BRIAN L. DICK, United States Forest Service, Pacific Northwest Research Station, 1401 Gekeler Lane, La Grande, OR 97850, USA 
JOHN G. KIE, United States Forest Service, Pacific Northwest Research Station, 1401 Gekeler Lane, La Grande, OR 97850, USA 

Abstract: Spring calf:cow ratios in some Rocky Mountain elk (Cervus elaphus) populations of northeast Oregon have 
declined by almost 80% over the last 40 years. Studies have identified the age of breeding males and the nutrition- 
al condition of females as potentially contributing factors. We conducted a study in 2 trials, from 1989 to 1993 and 
from 1995 to 1999, to assess the effects of male age on conception dates and pregnancy rates of female elk in north- 
east Oregon. Results of the first trial, reported previously, showed a significant influence of male age on conception 
dates but not on pregnancy rates. The second trial, reported here, was intended to validate findings of the first trial 
and to evaluate the interaction of male age and female nutritional condition. We managed an elk population with- 
in a 78-km2 enclosure to allow a single cohort of males to function as herd sires as they matured from 1.5 to 5.5 years 
of age. From animals killed in December, we estimated pregnancy rates, age, nutritional condition (kidney fat index, 
[KFI]), and lactation status of females and the conception dates of their fetuses. Mean conception dates occurred 

1 week earlier as male age increased and were related to KFI in females. Nutritional condition of female elk was 67% 

higher in 1995 when breeding was by yearling males than in years when breeding was by 4-year-old or 5-year-old 
males. Pregnancy rates did not differ among ages of males. We used analysis of covariance with female nutritional 
condition as the covariate to evaluate the interactive effects of male age and female nutritional condition on con- 

ception dates of females bred by males of different ages across 2 trials. Mean conception dates (adjusted for female 
nutritional condition) pooled by age of males decreased from 4 October with yearling male sires to 21 September 
with 5-year-old male sires. Mean KFI of pregnant, lactating female elk was 118 during the validation and 148 dur- 

ing the initial trial. Pregnancy rates did not differ by male age between trials. We stress the importance of under- 

standing the interactions between age of males and nutritional condition of females prior to interpreting the results 
of management strategies designed to retain older males because of the many factors that affect calf elk survival. 
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Spring calf:cow ratios have slowly declined by 
nearly 80% in many elk herds in northeast Ore- 

gon over the last 40 years, reducing recreational 

opportunities and limiting population growth of 
these herds. A fundamental question regarding 
these declines is whether hunting management 
strategies (i.e., hunter numbers and selection for 
older males) are linked in some way to these down- 
ward trends. In many wildlife management units, 
the post-hunting-season ratio of antlered elk to 
female elk has declined to <5:100 (Schommer 
1991). Declining calf:cow ratios for elk during 
spring in northeast Oregon precipitated a study 
to evaluate the influence of male age on concep- 
tion dates and pregnancy rates (Noyes et al. 1996). 
Results of that study indicated that females bred by 
older males (>3 yr old) conceived earlier and over 
a shorter interval than females bred by males <3 

years old. Male age explained more of the variation 

in conception dates than the sum of nutritional 

condition, lactation status, and age of females. 

Pregnancy rates in females did not vary with male 

age, and Noyes et al. (1996) speculated that per- 

haps female nutritional condition was above a 

threshold that influenced conception. Roosevelt 
elk (Cervus elaphus roosevelti) with KFI >60 had preg- 
nancy rates of 93%, compared with pregnancy rates 

of 50% for females with KFI <60 (Trainer 1971). 

Many factors can affect recruitment in elk pop- 
ulations. Thus, no single factor explains declin- 

ing recruitment of calf elk in northeast Oregon. 

Age of males, predation, winter severity, summer 

drought, and changes in habitat may interact to 

influence female elk reproductive status and calf 

elk survival. Survival of red deer (Cervus elaphus) 
calves decreased by 1% for each day the calf was 

born after the median birth date (Clutton-Brock 
et al. 1987). Delays in breeding as a result of high- 

ly skewed sex ratios and subsequent delays in 

birthing may reduce survival of offspring (Guin- 
ness et al. 1978, Clutton-Brock et al. 1987). 1 E-mail: noyesj@eou.edu 
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It was not feasible to replicate the initial trial 
conducted during 1989-1993; therefore, we con- 
ducted a second trial during 1995-1999 to vali- 
date our earlier findings. Our objectives were to 
assess the repeatability of our initial findings, 
determine the effects of male age on conception 
dates and pregnancy rates of female elk, and eval- 
uate the interactions of female nutritional condi- 
tion and male age. We used similar analyses pre- 
sented in Noyes et al. (1996) to assess the second 
trial, and we present an expanded interpretation 
based on additional analyses that incorporate the 
nutritional condition of female elk. 

STUDY AREA 
We conducted both the original trial 

(1989-1993) and this validation (1995-1999) at 
the U.S. Forest Service's Starkey Experimental 
Forest and Range (Starkey), located 35 km south- 
west of La Grande in northeast Oregon. Eleva- 
tion ranged from 1,116 to 1,502 m. Vegetation 
was a mosaic of forest stands and open areas. 
Ponderosa pine (Pinus ponderosa) was the domi- 
nant forest vegetation at lower elevations and 

lodgepole pine (P contorta), grand fir (Abies gran- 
dis), and Douglas-fir (Pseudotsuga menziesii) domi- 
nated the north aspects and higher elevations. 
Bluebunch wheatgrass (Agropyron spicatum) and 
Idaho fescue (Festuca idahoensis) typically domi- 
nated grassland vegetation. Annual precipitation 
averaged 51 cm, and average mean temperatures 
were 18 'C in July and -4 'C in January. Starkey 
was enclosed by a game-proof fence 2.6 m high 
that allowed us to manipulate the population 
structure and size of a free-ranging elk herd with- 
in our 78-km2 study area. Elk were supplemental- 
ly fed during winter. Further descriptions of the 
study area are in Noyes et al. (1996) and Rowland 
et al. (1997). 

METHODS 

Herd Management 
We attempted to remove all male elk from the 

study area in fall 1994 and winter 1994-1995 
using 5 controlled hunts and trapping on the 
winter feedground. We systematically flew over 
the study area on 5 and 6 September 1995 and 
located and killed 2 adult males. We also used an 
automated telemetry system (Rowland et al. 
1997) that provides real-time locations of individ- 
ual animals to locate groups. By providing Uni- 
versal Transverse Mercator coordinates via radio 
communication between the helicopter pilot and 

Table 1. Estimated number of yearling and adult elk present 
during the rut at the Starkey Experimental Forest and Range, 
Oregon, USA, 1995-1999. 

No. males by age (yr) Total Study 
No. bull bull 

Year females 1 2 3 4 5 ratioa ratiob 

1995 357 74c 21 21 
1996 386 6 70c 20 18 
1997 426 19 3 680" 21 16 
1998 428 16 13 2 68c 23 16 
1999 392 6 6 10 2 68c 23 17 

a No. bulls/100 cows. 
b No. study cohort bulls/100 cows. 
C Study cohort. 

telemetry operator, we were able to survey a large 
proportion of the elk population. We did not 
observe any males older than yearlings. This 
cohort of yearling males functioned as principal 
herd sires as they matured from 1.5 to 5.5 years. 

We estimated our elk population at the start of 
the rut in 1995 at 357 females (81 yearlings and 
276 >_2 yr old) and 74 yearling males. To estimate 

population size and composition, we developed 
a Pop-II model (Bartholow 1990) of the popula- 
tion in spring 1991 and constructed an empiri- 
cal spreadsheet model (White 2000) that allowed 
us to modify mortality tables with age- and sex- 

specific mortality events at specific times of year. 
We validated the model using mark-recapture of 
collared elk during 2 winters (1991-1992 and 
1992-1993). Our population estimate is based on 
a model described in greater detail in Noyes et al. 
(1996). 

We maintained a bull:cow ratio of the study 
cohort between 16:100 and 21:100 during the 5 
years of the validation trial (Table 1) to minimize 
the effects of numbers of males, as we did in the 
first trial. We conducted hunts for spike male elk 
in early August from 1996 to 1999 to reduce the 
number of yearling males prior to the breeding 
season. Each winter males trapped on the winter 
feedground or in dispersed portable traps that 
were younger than the study cohort were 
released outside of Starkey. 

We fed alfalfa hay during winter at a mainte- 
nance ration rate of 4.5-5.5 kg/elk per day to 
those elk that moved to the winter feedground. 
During the years 1995 to 1999, the proportion of 
the female population that was supplementally 
fed was 33%, 25%, 23%, 40%, and 38%, respec- 
tively. Our objective was to minimize the influence 
of variable winter severity on elk reproduction by 
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returning animals to the study area in similar 
nutritional condition each year. 

Further descriptions of herd management are 
in Noyes et al. (1996). This research at Starkey 
was in accordance with approved animal welfare 

protocols (Wisdom et al. 1993). 

Reproductive Data 
We collected reproductive tracts (uteri and 

ovaries), udders, lower incisors, and kidneys with 
associated fat from female elk killed by hunters in 

early December. We calculated conception dates, 
pregnancy status, and female nutritional condi- 
tion (KFI) as described by Trainer (1971). Con- 

ception dates were calculated by subtracting esti- 
mated ages of embryos (Morrison et al. 1959) 
from known dates of harvest. Dates were advanced 

by 1 day for the leap year in 1996. The same per- 
son measured embryos throughout the study to 
reduce observer bias. We derived estimates of 
female nutritional condition from a KFI (weight 
of fat surrounding the kidneys divided by weight 
of the kidneys) described by Riney (1955) and 
modified by Trainer (1971) to include all fat 
attached to the kidneys. We determined pregnan- 
cy status by the presence or absence of embryos 
or macroscopic embryonic tissue in uteri dissected 
under laboratory conditions. Lactation status was 
defined by the presence or absence of milk in the 
udder. Ages of adult females were determined by 
Matson's Lab (Milltown, Montana, USA) using 
cementum annuli counts (Keiss 1969) and from 

tagging records. We conducted blood tests for 

leptospirosis (Leptospira spp.) and brucellosis 
(Brucella abortus) to identify presence of diseases 
that may have affected elk reproduction. 

We obtained precipitation records from 1989 to 
1999 from a weather station established at Starkey 
for the national atmospheric deposition program 
(http://nadp.sws.uiuc.edu/). We used precipita- 
tion from May to August because it is critical for 

vegetation growth (Skovlin 1967). 

Statistical Analysis 
We transformed dates of conception (recipro- 

cal) and female nutritional condition (square 
root) to improve normality. We used P= 0.05 as 
the level of statistical significance for all tests. 

Conception Date.-We compared conception 
dates among male ages (years) in the validation 
(1995-1999) with 1-way analysis of variance 
(ANOVA) and between trials (1989-1993 and 
1995-1999) using analysis of covariance with KFI 
as a covariate, and LSMEANS for multiple com- 

parisons (PROC GLM; SAS Institute 1999). Vari- 
ables included in the model were trial, male age, 
KFI, and the interactions of male age x KFI and 
male age x trial. We compared conception dates 
of lactating and nonlactating females 23 years old 
with t-tests. 

We used stepwise multiple regression (PROC 
STEPWISE; SAS Institute 1999) to predict con- 
ception date from male age and lactation status, 
KFI, and age class of females in the validation. 
From this analysis, we also derived the contribu- 
tion of each variable (r2) to variation in concep- 
tion date. 

Pregnancy Rate.-The relationship between 
pregnancy status of females 2-13 years old, male 
age, and KFI was evaluated using logistic regres- 
sion (PROC LOGISTIC; SAS Institute 1999). We 
tested for differences in pregnancy rates among 
years in the validation with analysis of variance 
(PROC CATMOD; SAS Institute 1999). 

Female Nutritional Condition.-We used 1-way 
ANOVA (PROC GLM; SAS Institute 1999) to 
compare KFI among years for females >2 years 
old, and LSMEANS for multiple comparisons. We 
compared KFI of lactating and nonlactating 
females >3 years old with t-tests. We also used t- 
tests to evaluate nutritional condition of lactating 
and nonlactating females between the 2 trials. We 
tested for correlation between KFI for all females 
and May to August precipitation. 

RESULTS 

Validation Test (1995-1999) 
Conception Date.-Conception dates varied with 

male age (F4,153 = 3.57; P= 0.008), with the largest 
differences occurring between 5 year olds and 

yearling or 2 year olds (Table 2). Low nutritional 

Table 2. Estimated conception dates of fetuses from adult female 
elk (>2 yr old) at Starkey Experimental Forest and Range, Ore- 
gon, USA, 1995-1999. 

Male 
age Percentile 

Year (yr)a n xb SE Range 50th 90th 

1995 1 31 3OctAB 2.3 13 Sep-5 Nov 1 Oct 21 Oct 
1996 2 31 4OctB 2.5 19 Sep-12 Nov 30 Sep 19 Oct 
1997 3 32 27SepAC 1.9 15Sep-9Nov 26Sep 6Oct 
1998 4 34 30 Sep BC 2.2 15 Sep-29 Oct 27 Sep 23 Oct 
1999 5 30 26SepC 2.4 14 Sep-5 Nov 22 Sep 5 Oct 

a Age of main male cohort. 
b Mean dates with dissimilar letters were different (P < 0.05); 

P-value for 1995 vs. 1997 was 0.054. 
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Table 3. Pregnancy rates among age classes of female elk at Starkey Experimental Forest and Range, Oregon, USA, 1995-1999. 

Female age (yr) 
1 2 3-13 >13 2-13a 

Year Male age (yr) n preg nb n preg n n preg n n preg n Rate (%) n 
1995 1 6 9 11 11 19 21 1 2 94 32 
1996 2 0 4 4 5 24 25 3 4 93 30 
1997 3 1 11 5 7 28 30 0 1 89 37 
1998 4 0 5 9 9 23 25 4 4 94 34 
1999 5 0 7 5 5 25 29 1 2 88 34 

a Age grouping used for analysis. b Number of uteri examined. 

condition of females bred by 4-year-old males 
resulted in a mean conception date that did not 
differ (P > 0.08) from the other 4 years. Females 
bred by males 23 years of age had similar concep- 
tion dates (P> 0.08). Conception dates of lactating 
females were later than conception dates of non- 
lactating females (P< 0.001) by a mean of 9.9 days. 

Conception dates were related to female lacta- 
tion status (P < 0.001), male age (P = 0.03), and 
KFI (P = 0.02). The regression model accounted 
for 28% of the variation in conception date, 79% 
of which was explained by female lactation status. 

The length of the rut period ranged from 44 
days to 55 days (Table 2). The 90th percentile 
pregnant female was bred on 5 October by 5-year- 
old males and 21 October by yearling males. 

Pregnancy Rate.-Pregnancy rates did not differ 

among years (X2 = 1.33; P = 0.86), and ranged 
between 88% and 94% (Table 3). Pregnancy rates 
were not related to male age (P= 0.68) and were 
marginally related to KFI (P = 0.07). 

Female Nutritional Condition.-The KFI of adult 
females differed among years (F4,163 = 5.87; P < 

0.001), with 1995 higher than all other years 
(Table 4). Pregnant, lactating adult females were 
in especially low (KFI = 77) nutritional condition 
in 1998. The KFI was less (P= 0.001) in lactating 

pregnant females (? = 118, n = 87) than in non- 
lactating pregnant females ( = 240, n = 61) 
(Table 4). 

Pooled Trials (1989-1993 and 1995-1999) 
Conception Date.-The analysis of covariance 

with male age, KFI, and trial in the model, plus 
interactions, was significant (F14, 258 = 7.99; P < 
0.001). Neither 2-way interaction term was signif- 
icant (P> 0.07). Of the main effects, trial was not 
significant (P = 0.24), but male age (P = 0.002) 
and KFI (P < 0.001) were significant. The largest 
differences in mean adjusted conception dates 
pooled by age of males (Table 5) were between 
yearlings (4 Oct) and 5-year-olds (21 Sep). Con- 
ception dates did not differ among the interac- 
tion of male age and trial (P= 0.175). 

Pregnancy Rate.-Pregnancy among all years was 
related to KFI (P= 0.04), but not to male age, lac- 
tation status, or female age class (P> 0.76). Preg- 
nancy rates did not differ by male age among 
years of pooled trials (X2 = 3.99; P= 0.91). Blood 
tests for brucellosis and leptospirosis that may 
have influenced pregnancy rates were negative. 

Female Nutritional Condition.-The KFI of lactat- 
ing females during the validation (? = 115, n = 
99) was 26% lower (P= 0.001) than KFI of lactat- 

Table 4. Mean nutritional condition (kidney fat index) of adult female elk (22 yr old) in December by pregnancy and lactation sta- 
tus at Starkey Experimental Forest and Range, Oregon, USA, 1995-1999. 

Pregnant Nonpregnant 
All females Lactating Nonlactating Lactating Nonlactating 

Year ka SE n Wa SE n 
, 

SE n k SE n k SE n 

1995 225 A 20 31 171 A 14 16 314 36 11 190 98 3 
1996 136 B 12 31 120 B 8 22 245 43 5 88 7 4 
1997 157 B 15 36 116 B 10 22 280 30 9 72 15 2 147 29 3 
1998 135 B 13 35 77 C 9 15 186 16 18 99 1 
1999 138 B 11 35 107 BC 18 12 175 13 18 79 11 5 

a Means with dissimilar letters were different (P < 0.05). 
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Table 5. Estimated conception dates (adjusted for female nutri- 
tional condition) of fetuses from adult female elk (?2 yr old) at 
Starkey Experimental Forest and Range, Oregon, USA, pooled 
by male age from trials during 1989-1993 and 1995-1999. 

Male age (yr) n a SE 

1 57 4 Oct A 1.9 
2 57 29 Sep B 1.7 
3 59 25 Sep C 1.3 
4 62 25 Sep C 1.5 
5 63 21 Sep D 1.4 

a Mean date's with dissimilar letters were different (P < 0.05). 

ing females during the first trial (? = 145, n = 92; 
Noyes et al. 1996). Mean KFI for all adult females 

during the validation was likewise 14% less than 
mean KFI during the first trial (P= 0.04). The KFI 
was correlated with May to August precipitation 
(r= 0.63) and precipitation during those months 
was lower in the second trial (? = 13.9 cm) than 
recorded in the first trial ( = 18.1 cm). 

DISCUSSION 
Our study results indicate that no relationship 

existed between age of breeding males and preg- 
nancy rates. The high pregnancy rates during the 

years when yearling males were the primary sires 

may be partially explained by the influence of 
nutritional condition. Age at puberty fluctuates 
with condition (Hines et al. 1985). A higher pro- 
portion of females may enter estrus in years of 

high nutritional condition and place an increased 
demand on breeding males (Hines et al. 1985). 
Nutritional condition of females was significantly 
higher in our study during the 2 years when 

breeding was by yearling males. Yearling males 
observed by Squibb (1985) were more sexually 
active and initiated 19% of the mounting bouts 

by males in a year of presumably higher condi- 
tion compared with 5% of the bouts in another 

year. Higher nutritional condition was based on 
the presence of larger and more forked antlers. 
We do not know what the effect of poor nutri- 
tional condition in conjunction with young male 
sires would be on pregnancy rates in our study, 
although we would expect to see a decline. As 

reported in Noyes et al. (1996), the nutritional 
condition of female elk at Starkey may exceed a 
threshold value for elk conception, and may 
mask the ability to detect a relationship between 
pregnancy rates and age of breeding males. 

Results from the second trial confirm the effect 
of male age on conception dates observed in the 
first trial. As male age increased, conception 

dates became earlier, although the effect during 
the second trial was less because of the influence 
of lower female nutritional condition. Female 
nutritional condition varied during both trials 
but was significantly higher during the years 
when yearling males were the sires. In those 

years, summer precipitation also was higher than 
in other years. Kohlmann (1999) reported that 

conception dates were negatively correlated with 

body condition of females. Although we observed 
a similar relationship in general, females were in 
better nutritional condition during years with 

yearling male sires, yet conception dates were sig- 
nificantly later than during years when older 
males were the primary sires. 

The regression model developed during the 
first trial (1989-1993) included 4 variables that 
were related to conception dates (male age, fe- 
male lactation status, female age, KFI) and that 

explained 46% of the variation in conception 
dates (Noyes et al. 1996). The KFI accounted for 
7% of the variation in conception dates that was 

explained by the regression model in the first 
trial. The regression model from the second trial 

explained considerably less variation in concep- 
tion dates and illustrated the difficulty in predict- 
ing conception dates from variables that fluctu- 
ate as a result of random year-to-year variation. In 
the second trial, KFI was lower indicating that 
animal nutritional condition was lower. This 
lower overall nutritional condition during the 
second trial may have exerted a greater effect on 

conception dates compared with the first trial. 
A more informative model is obtained by adjust- 

ing the conception dates for variable female nutri- 
tional condition and pooling the 2 trials. This 
resulted in a nonsignificant relationship between 

conception date and the interaction of age of 
males and trial, and thus the second trial validated 
what Noyes et al. (1996) observed in the first trial. 
The trend for conception dates to become earli- 
er as the age of males increased was stronger when 
we accounted for female nutritional condition. 

Audige et al. (1999) monitored the reproductive 
success of about 2,600 adult red deer hinds over 2 

years and developed management recommenda- 
tions for farmers. Among their recommendations 
to achieve high pregnancy rates early in the rut 
was the use of experienced sires for mating as well 
as hinds above a threshold body condition score. 

Although we were able to document a signifi- 
cant effect of both male age and female nutri- 
tional condition on conception dates, under- 
standing the interactions and their influence on 
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calf survival is more difficult. The length of the 

period by which 90% of the pregnant females 
were bred by yearlings as compared with 5-year- 
olds differed by 23 days in the first trial (Noyes et 
al. 1996) and 16 days in the validation trial. Delays 
in birthing as a result of young males functioning 
as primary herd sires may have implications for 
calf survival (Clutton-Brock et al. 1987). The mag- 
nitude of decline in recruitment caused by the 

delay, however, is uncertain. Cook et al. (2002) 
reported that a birth-date difference of about 3 
weeks was insufficient to affect winter survival of 
calves subjected to varying levels of nutrition in a 

penned setting. Keech et al. (2000) found that 
survival of moose (Alces alces) calves decreased as 
birthdate increased and maternal condition 
decreased. Clutton-Brock et al. (1987) found that 
survival decreased 1% per day for red deer calves 
born past the median birthdate. In Colorado, 
calf:cow ratios increased as bull:cow ratios in- 
creased, but the relationship did not account for 
the magnitude of change observed in calf:cow 
ratios over time (White et al. 2001). 

We suspect that earlier birth dates resulting 
from breeding by older males may function in a 

complementary role of nutrition in influencing 
calf survival. The role of maternal nutritional 
condition in determining offspring survival is 
well documented (Thorne et al. 1976, Clutton- 
Brock et al. 1987, Keech et al. 2000, Cook 2002). 
Our data indicate, however, that high female 
nutritional condition, in the absence of older 
males, is not sufficient for early conception. Opti- 
mum conditions for early conception and subse- 

quent calf survival in elk populations likely con- 
sist of high female nutritional condition and 
mature male sires operating together. 

MANAGEMENT IMPLICATIONS 
The effects of male age and female nutritional 

condition on conception dates necessitate care- 
ful interpretation of recruitment rates in spring 
prior to making management decisions. Interac- 
tions among age of males, nutritional condition, 
predation, and other disturbance agents may 
make it difficult to evaluate the reproductive per- 
formance of elk as a function of management 
strategies designed to increase the number of 
older males. Further research, conducted under 
a variety of experimental and field conditions, is 
required to assess the relative contribution of 
variables to calf elk survival in northeast Oregon. 

Management of elk populations to provide older 
males may be based on a variety of reasons. Al- 

though we did not observe increased pregnancy 
rates with older male sires, we do not know the 
effect that low nutritional condition would have 
on the breeding performance by yearling males. 
Environmental conditions during the 2 years of 
our study unfortunately did not provide the oppor- 
tunity to examine that relationship. Managers 
may be advised to manage for a range of ages of 
males to supplement or mitigate for the variable 
nutritional conditions that commonly exist. If an 

early and synchronous rut and birthing period 
are desired, mature males are required. In addi- 
tion to affecting an early rut, providing older 
males is consistent with the social structure that 
elk evolved under and may satisfy aesthetic values 
of hunters and the general public. 
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