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ABSTRACT: The relationship of reproductive parameters (i.e., pregnancy rate, twinning rate and fetus 
production) to 5 age-groups (calf= C, yearling= Y, teen= T, prime= P and senior= S) of cow moose 
(Alces alces) were investigated. Age-class and in utero fetus counts from 895 cow moose killed in 14 
area-specific antlerless/cow-moose hunts (year/area (Y/A) samples) during November-February, 1964 
to 1974, in south-central Alaska were analyzed. Measures of central tendency and dispersion were used 
to characterize the reproductive parameters in each age-group classification. There was evidence of age­
group effects on pregnancy rate (P = 0.0000). None of the C moose examined carried a fetus(es). Age­
groups ordered by pregnancy rate were Y < T < S < P. The difference in pregnancy rate between P and 
S age-groups was not statistically significant (P = 0.1019). Y/A effects on pregnancy status were 
insignificant (P = 0.8414). There was evidence of age-group effects (P = 0.0001) andY/A effects (P = 
0.0001) on occurrence of twinning. None of theY age-group moose examined carried twin fetuses. 
Age-groups ordered by twinning rate were T < S < P. The difference in twinning rate between T and 
Page-groups was statistically significant (P = 0.05). Age-groups ordered by fetus production (fetuses/ 
100 cows) were Y < T < S < P. Based on the reproductive parameters studied, cow moose attain their 
maximum productivity after 3-years-of-age. Findings emphasize the importance of considering cow 
moose reproductive maturity in measuring productivity, interpreting information on productivity, 
modeling moose population dynamics and implementing selective harvests of cow moose. 

Simulation models are becoming impor­
tant tools in everyday management of moose 
(Page 1987). Population models highlight 
parameters that are basic and important in 
understanding moose population dynamics 
(Karns 1987). Productivity parameters are 
important, basic components in models of 
moose population dynamics and in manage­
ment of moose populations (Simkin 1974, 
Verme 1974, Moen and Ausenda 1987). 
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cow moose in south-central Alaska, (2) ex­
plore relationships between productivity pa­
rameters and age-class based age-groups and 
(3) provide moose managers, who are most 
familiar with net productivity in fall in the 
form of ratios of calves to adult cows, with 
baseline information on moose gross produc­
tivity. 

STUDY AREA 
Quantitative information on some moose pro- Moose hunts took place in south-central 
ductivity parameters is scarce (Karns 1987, Alaska (Fig. 1 ). The area included Alaska 
Crichton 1988). Refinements in knowledge Game Management Unit (GMU) 7 and Game 
about parameters of moose productivity will Management Subunits (GMS) 14A, 14B, 14C, 
improve the quality of moose population 15A, 15B and 15C. Management Units 7, 
models and lead to better moose management 15A, 15B and 15C were located on the Kenai 
decisions. In this study, I was not particularly Peninsula (Kenai). GMSs 14A and 14B were 
concerned withY/A effects on cow moose located in the Matanuska and Susitna River 
productivity. Rather, the purpose of my study valleys (Mat-Su). The Ft. Richardson hunt 
was to: (1) consolidate and analyze archived area (Ft. Rich) was located in GMS 14C near 
information on productivity parameters for Anchorage. The Kenai, Mat-Su and Ft. Rich 
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Fig. 1. Location of study area in south-central 
Alaska, showing the towns Talkeetna, Anchor­
age, and Kenai and Game Management Units/ 
Subunits(?, 14A, 14B, 14C, 15A, 15Band 15C) 
where samples ofhunter-killedcow moose were 
collected. 

areas are mainly bordered by water and some 
high elevation mountains or glaciers and in­
terconnect by narrow strips of moose habitat. 
Climate differs considerably between the 3 
areas. The Mat-Su area mainly has a conti­
nental climate characterized by relatively 
warm summers and long cold snow-rich win­
ters. Climate in the Kenai area is moderated 
by nearby large bodies of water. Compared to 
the Mat-Su area climate, the Kenai area has 
cooler summers and less severe winters. Cli­
mate in the Ft. Rich area is more similar to 
climate in the Mat-Su area than climate in the 
Kenai area. 
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METHODS 
Data Collection 

In Alaska, moose hunters may be re­
quired to collect biological data from animals 
they kill. Stipulations in certain antlerless/ 
cow-moose hunts during 1964-74, required 
that hunters collect jaws with incisor teeth and 
gather data on the number of in utero fetuses 
in female moose they killed. Hunters and/or 
biologists macroscopically examined repro­
ductive tracts in killed female moose to count 
the number of in utero fetuses. Fetus count 
data were used to determine pregnancy rate, 
twinning rate and fetus production. Jaws and 
incisor teeth collected from killed moose were 
submitted to the Alaska Department of Fish 
and Game (ADF&G) for age-class determi­
nation (Sergeant and Pimlott 1959). 

Archived (ADF&G files) information on 
pregnancy rate, twinning rate, fetus produc­
tion and age-class of 895 female moose killed 
in 14 area-specific antlerless/cow-moose hunts 
held in late November-February during 1964-
74 were analyzed. 

Data Analysis 
Y/A Samples and Age-Groups 

Moose data from 14 Y/A-specific 
antlerless/cow-moose hunts were merged into 
11 Y I A samples based on hunt year and/or 
hunt/area-location (GMU or GMS) (Table 1 ). 
Sample data were assigned to 5 age-class 
based age-groups; C = age-class 0, Y = age­
class 1, T = age-classes 2 and 3, P = age­
classes 4-11 and S =age-classes 12 and greater. 
Such age-group classifications and age-group 
names were introduced by Bubenik et al. 
(1975) and Bubenik (1981) as social-class 
names to describe maturation status of moose. 
In addition to rationale stated by Bubenik et 
al. (1975) for age-class break points between 
age-group classifications T, P and S, I used 
age-class 3 as the break point between age­
groups T and P because female moose in 
Alaska attain maximum body size at about 4 
years (Schwartz et al. 1987:305). Age-class 
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Table 1. Number of specimens (n), hunt area (GMU/S), hunt month and year (Date) and year in utero 
fetus(es) were conceived for 11 year/area (Y/A) samples of cow moose killed by hunters in south­
central Alaska, 1964-74. 

Y/A 
sample n GMU/S 

A 52 7 

B 91 15C north 

15C south 

c 59 15 

D 139 15B 

15C 

E 101 15A 

F 140 14A 

14B 

G 46 14C 

H 36 14C 

I 36 14C 

J 46 14C 

K 159 14A 

11 was used as the break point between age­
groups P and S because antler size measure­
ments suggest senescence begins at about this 
age in male moose in Alaska (Gasaway 1975). 

Managers are most familiar with moose 
productivity parameters in the form of data as 
% cows with calves, % cows with twins, and 
ratios of calvesl100 cows collected in fall 
when calf survival/recruitment is appraised. 
Some managers exclude yearling cows from 
calculations of cow productivity or calf re­
cruitment. To allow managers to relate such 
data on net productivity to the parameters of 
gross productivity in my study, fetus produc­
tion (productivity rate) was determined for 
each Y I A sample after the data in each sample 
were pooled by age-group into classifications 
consisting of theY -S and the T -S age-groups. 

Statistical Methods 
Importance of the variable age-group, in 

explaining the productivity parameters, preg-
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Year fetus( es) 
Date conceived 

Nov 1964 1964 

Nov 1964 1964 

Nov 1964 1964 

Nov 1965 1965 

Feb 1970 1969 

Jan 1970 1969 

Dec 1970 1970 

Jan-Feb 1970 1969 

Jan-Feb 1970 1969 

Nov 1965 1965 

Feb 1969 1968 

Jan 1973 1972 

Feb 1974 1973 

Nov-Dec 1965 1965 

nancy rate and twinning rate, in 11 Y I A sam­
ples of cow moose was determined with logit 
1oglinear models (Agresti 1984). To study 
pregnancy rate, the logit (ln(pregnant/non­
pregnant)) was formed for each combination 
of Y I A by age-group. Pregnant or non-preg­
nant status of cow moose specimens = pres­
ence or absence of in utero fetus(es), respec­
tively. The C moose age-group was excluded 
from pregnancy rate analyses because none of 
the calves examined carried a fetus(es). The 
most parsimonious model explaining the data 
was selected by a backward elimination proc­
ess (Agresti 1990). Model parameter esti­
mates, coefficients and their SEs and Cis 
(95%) were compared for evidence of age­
group effects. The test statistic used to indi­
cate significance in pregnancy status by age­
group was non-overlap of95% Cis. Positive 
logit values were associated with pregnancy 
rates >50% while negative logit values were 
associated with pregnancy rates <50%. The 
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estimated proportion of pregnant cow moose 
in each age-group (p) was determined by p = 
exp(a+ -r )1(1 +exp(a+ -r.). A 1-sided test of 

J J 
proportions (D' Agostino et al. 1988) was 
used to test for a significant decline in preg­
nancy rate as cow moose moved from the P to 
the S age-group. 

To study the relationship between twin­
ning rate and age-group, the logit (ln(2-fetus 
pregnancies/1-fetus pregnancies)) was formed 
for each YIA by age-group, and the analysis 
was performed as described above. Two- or 
1-fetus pregnancy status of cow moose speci­
mens = a 2-fetus or 1-fetus in utero preg­
nancy, respectively. TheY moose age-group 
was excluded from twinning rate analyses 
because none of the yearlings examined car­
ried 2 fetuses. Estimated proportion of cow 
moose pregnant with 2 fetuses for each age­
group within each Y I A (p) was determined by 
p = exp(a + Jli + -ri)l(l+exp(a + ~i + -ri)). 
Model parameter estimates, coefficients and 
their SEs and Cis (95%) were used to examine 
the association of age-group and twinning 
rate with Y I A effects held at their mean val­
ues. 

In utero fetus production, in the form of 
fetuses1100 cow ratios, was determined in 
each YIA by age-group and Y-S and T-S 
classification. Fetuses/100 cow ratios, used 
to evaluate productivity rates in moose age­
group classifications, were calculated as the 
number of fetuses in utero in cow moose 
examined divided by the number of cow moose 
examined. 

Statistics measuring central tendency and 
dispersion were used to characterize produc­
tivity parameters in each age-group classifi­
cation. 

RESULTS 
Pregnancy Rates 

The most parsimonious model fitting the 
data was: ln(pregnant/non-pregnant) =a+ -rr 
There was a significant age-group effect on 
pregnancy status (CP = 261.6445, 3 df, P = 

0.0000). However, examination ofthe stand­
ardized residuals plus parameter estimates 
from a model containing a Y I A effect (~) 
indicated that the pregnancy rates in Y I A J 
(GMS 14C 1974) were significantly lower (P 

= 0.0009) than in the other YIA samples. 
Since my intent was not to focus on Y I A 
effects on pregnancy rate, and 3 other sam­
ples, from different years, came from this 
same area, the Y I A J data were dropped and 
the data re-analyzed. The effect of an overall 
Y I A effect went from marginally significant 
(CP = 16.1139, 10 df, P = 0.0964) to very 
insignificant (CP = 4.9183,4 df, P = 0.8414). 
The model did not change and there was a 
significant age-group effect (CP = 256.8175, 3 

1.0 

~ 
z 0.5 w 
u 
Li: 
u_ 
w 

8 
a: w 
~ 

~ -o.5 

~ 
~ 
0 -1.0 
w 
~ 
c( 
::!: 
t; -1.5 
w 

T P S 
AGE-GROUP 

Fig. 2. Model estimated parameter coefficients 
(circles) and coefficient ±95% Cis (vertical 
lines) from the model, logit =a+ t., consisting 

J 
of the logit = (ln(pregnant/non-pregnant)), a= 
mean logit (a.) and age-group effects ( -r., n =4). 

J J 
Mean logit, a = 1.4926. 
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df, P = 0.0000) on pregnancy status. Exami­
nation of the age-group parameter coefficient 
estimates and their 95% Cis (Fig. 2) indicates 
that the majority of cows were pregnant (a> 
0) and that age-groups ordered by pregnancy 
rate were Y < T < S < P. TheY age-group had 
a lower pregnancy rate than the other age­
groups (P = 0.05). The P age-group had a 
higher pregnancy rate than the Y and T age­
groups (P = 0.05). The Sage-group pregnancy 
rate was more variable and could not be dis­
tinguished from pregnancy rates in the T and 
P age-groups. Point estimates of pregnancy 
rates (Table 2) indicate that difference in 
pregnancy rate of moose progressing through 
the age-group classifications decreased greatly 
in magnitude comparing the transition from 
the Y to T age-group (ca. a 70% + change) to 
the transition from the T toP age-group (ca. a 
8-9% +change). Pregnancy rate change in the 
transition from the P to S age-group was of 
much smaller magnitude (ca. a 3-5%- change) 
than transitions from theY toT age-group and 
from the T to P age-group. There was insuf­
ficient evidence of a decline in pregnancy rate 
in the transition from the P to the S age-group 

(t = -1.2311, P = 0.1019, power= 0.3386). 

Twinning Rates 
The best fitting parsimonious model,logit 

= a+ ~; + 'ti' indicated that twinning rate was 
a function ofY I A effects (G2 = 37.3708, 10 df, 
P = 0.0001) and age-group effects (G2 = 
18.8888, 2 df, P = 0.0001). Examination of 
the age-group parameter coefficient estimates 
and their 95% Cis (Fig. 3) indicates that the 
majority of cow moose had 1 calf (a< 0) and 
that age-groups ordered by twinning rate were 
T < S < P. The T age-group had a lower 
twinning rate than other age-groups (P = 0.05). 
Twinning rate in the S age-group was more 
variable and could not be distinguished from 
twinning rate in the P age-group. Y I A D had 
a lower twinning rate than average (!3d = -
0.7805) and YIA C and YIA H had higher 
twinning rates than average (13c = 0. 7730, ~h = 
1.5757). Point estimates of twinning rate by 
age-group (Table 3) indicate that difference in 
twinning rate of moose progressing through 
age-group classifications decreased greatly in 
magnitude comparing the transition from the 
T toP age-group (ca. a 10-16% +change) to 

Table 2. Point estimates, range and median values of pregnancy rate(% pregnant) by age-group for 11 
year/area (Y/A) samples of hunter-killed cow moose examined for in utero fetuses in south-central 
Alaska, 1964-74. 

Y/A samples 
Y I A samples pooled 

by age-group Model p• Range Median 
Age 

group n % % nb % % 

y 92 17.4 17.4 9 10.5-50.0 16.7 

T 169 86.4 87.7 11 50.0-100.0 87.5 

p 489 95.1 95.3 11 86.4-100.0 95.7 

s 93 90.3 92.1 6 50.0-100.0 91.3 

•p = exp(a.+ 't)'(l+exp(a.+ 'ti)) based on the logit (ln(pregnantlnon-pregnant)) and the model, logit 
=a.+ 'ti' consisting of a mean logit (a.) and age-group effects ('ti' n = 4). 
hN = Y/A samples with >3 moose. 
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Fig. 3. Model estimated parameter coefficients 
(circles) and coefficient ±95% Cis (vertical 
lines) from the model,logit=a+ ~i +ti' consist­
ing of the logit (ln(2-fetus pregnancies/1-fetus 
pregnancies)), a mean logit (a). year/area ef­
fects (~i' n = 11 ), and age-group effects ( ti' n = 
3). Mean logit, a= -1.4362. 

the transition from P to S (ca. a 1-7% -
change). The between-age-group relation­
ship of twinning rate with age-group, T < S < 
P, was similar among descriptive statistics. 

One 6-year-old moose in the YIA H sam­
ple was gravid with 3 fetuses. 

Fetus Production 
Descriptive statistics of fetus production 

by age-group (Table 4) indicate that fetus 
production rates of <18/100 cows were asso­
ciated with the Y age-group, that fetus pro­
duction rates in the T, P and S ·age-groups 
were ~95.01100 cows and that age-groups 
ordered by fetus production were Y < T < S < 
P. As a consequence of the fetus production 
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by age-group relationship (i.e., Y < T < S < P), 
age-group aggregations ordered by fetus pro­
duction were Y-S < T-S. Point estimates of 
fetus production by age-group indicate that 
difference in fetus production of moose pro­
gressing through age-group classifications 
decreased greatly in magnitude comparing 
the transition from the Y to T age-group (ca. 
a 781100 cows+ change) to the transition from 
the T to Page-group (ca. a 21/100 cows + 
change). Fetus production change in the 
transition from the P to S age-group was of 
much smaller magnitude (ca. a 8-101100 cows 
- change) than in the transitions from the Y to 
T age-group and from the T to P age-group. 
Fetus production range values showed that 
fetus production varied greatly between YIA 
samples in each age-group classification. 
Within age-group relationship between fetus 
production in the Y I A sample with highest 
fetus production and fetus production in the 
Y I A sample with lowest fetus production in­
dicates that the magnitude of age-group by Y I 
A variation in fetus production was less in the 
Page-group (1.5) than that in the other age­
groups (2.1-4.8). Referring to fetus produc­
tion in the Y -S and T -S age-group 
aggregations, in both classifications, fetus 
production rate was lowest in the 1973 GMS 
14C sample (YIA J) and highest in the 1968 
GMS 14C sample (Y/A H). 

DISCUSSION 
My observations that productivity of cow 

moose is related to age-group agree with 
findings of many others (Edwards and Ritcey 
1958, Pimlott 1959, Rausch 1959, Simkin 
1965, Houston 1968, Markgren 1969 and 
1973, Blood 1973, Schladweiler and Stevens 
1973, Eriksson and Sylven 1979, Srether and 
Haagenrud 1983, Boer 1987, Crichton 1988). 
Most studies showed productivity differences 
between calf, yearling and adult age-class 
categories. Few studies demonstrated age­
class differences in productivity in moose 
age-classes> 1 (Markgren 1969, Eriksson and 
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Table 3. Point estimates, range and median values of twinning rate(% 2-fetus pregnancies) by age-group 
for 11 year/area (Y/A) samples of hunter-killed moose examined for in utero fetuses in south-central 
Alaska, 1964-74. 

Y/A samples 
Y/A samples 

pooled by Mean of 
age-group model p's• Range Median 

Age 
group n % n % nb % % 

T 146 10.0 11 11.5 11 0.0-30.0 11.1 

p 465 24.3 11 28.2 11 14.7-71.4 21.1 

s 84 19.0 11 26.9 5 8.3-35.3 14.3 

•p = exp(a+ ~; + ti)/(l+exp(a+~; + ti)) based on the logit (ln(2-fetus pregnancies/1-fetus 
pregnancies)) and model, logit =a+~;+ 'ti' consisting of a mean logit (a). Y/A effects (~;• n = 11) 
and age-group effects ('t., n = 3). 

• J 
hN =samples wtth >3 pregnant moose. 

Sylven 1979, Srether and Haagenrud 1983). 
No studies grouped cow moose into 5 age­
class based age-groups and provided evidence 
that productivity parameters varied in relation 
with age-group. 

Van Ballenberghe (1979) pointed out 
potential problems in assessing moose popu­
lation welfare and productivity with calf pro-

duction and survival indices derived from 
postpartum aerial survey data. His concern 
was focused on shortcomings of survey tech­
niques, but he also recognized a need to refine 
the base (denominator) used in expressing 
productivity ratios. He cautioned that the 
inclusion of variable sized cohorts of year­
lings and non-breeding 2-year-olds in ratio 

Table 4. Point estimates, range and median values of fetus production (fetuses/100 cows (F/100 C)) by 
age-group for cow moose in 11 year/area (Y I A) samples of hunter-killed moose examined for in utero 
fetuses in south-central Alaska, 1964-74. 

Y/A samples 

Y I A samples pooled 

by age-group Range Median 

Age 

group n F/100 C n• F/100C F/lOOC 

y 92 17.4 9 10.5-50.0 16.7 

T 169 95.9 11 57.1-118.2 95.0 

p 489 118.2 11 104.5-160.0 114.5 

s 93 107.5 6 50.0-127.8 107.1 

Y-S 843 101.5 11 88.6-129.0 101.1 

T-S 751 111.9 11 88.6-140.7 111.5 

•N = samples with >3 moose. 
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bases could result in deceptively low produc­
tivity indices. He noted that a "more restric­
tive ratio" (p.l6), based on adult cows, which 
accounts for juveniles yields a more useful 
index of productivity. My results indicated 
that productivity differences were discern­
able in 5 age-class based age-groups of cow 
moose; cow moose in age-classes 0-3 are 
juvenile (sub-adult) and cow moose in age­
classes 4 and greater (age-groups P and S) 
have attained maximum productivity and 
should be used as the base or denominator in 
ratios of productivity in cow moose in south­
central Alaska. My observation that cow 
moose attained maximum productivity later 
than 3-years-of-age, agrees with findings from 
moose populations in Sweden (Sylven et al. 
1980), Norway (Srether and Haagenrud 1983, 
Saether 1987) and USSR (Danilov 1987). 

Pimlott (1959) and Van Ballenberghe 
(1979) pointed out methodological problems 
in measuring productivity and in interpreting 
productivity information collected 
postpartum. My findings indicated that simi­
lar problems may confound productivity data 
collected in utero. The use of percentage 
expressions of productivity parameters, is in­
appropriate if the expression fails to account 
for changes in components of population struc­
ture (e.g. age-group) that affect the composi­
tion of denominators in ratios. For example, 
relatively low productivity parameter values 
based on cow moose age-classes >0 could 
result from: (1) relatively low productivity in 
a population with a female age structure 
skewed toward the highly productive older 
age-class age-groups (e.g. the P and S age­
groups); or (2) relatively high productivity in 
a population with a female age structure 
skewed toward lowly productive younger age­
class age-groups (e.g. theY and T age-groups). 

In many jurisdictions, complex systems 
of selective harvest have replaced simple gen­
eral open hunting seasons as tools for man­
agement of moose populations (Lykke 1974, 
Smith et al. 1979, Demarchi et al. 1983, 

Timmermann and Gollat 1986, Haagenrud et 
al. 1987, Sylven et al. 1987, Child and Aitken 
1989). Selective harvest strategies focus hunt­
ing effort and harvest on productive mature 
bull and prime cow or non-productive young 
bull and calf components of moose 
populations, depending on whether manage­
ment goals are to decrease or increase the 
population and/or to manage the population 
for recreation or meat production. Gaps in 
knowledge about productivity led to the "old, 
barren-cow" concept (Pimlott 1959, Rausch 
1959, Markgren 1969); the belief by some 
hunters that barren cow moose were old in age 
or that old cow moose tended to be barren. 
Such beliefs and hunter ethics led to differing 
degrees of protection of 2-calf cows, 1-calf 
cows and calfless cows (Markgren 1969). 
Consequently, in some instances, moose man­
agers proposed and justified cow-moose hunts 
to remove old, barren, non-productive fe­
males from populations. I found evidence 
that cow moose in age-classes > 11 (the S age­
group), were less productive than cow in age­
classes 4-11 (the Page-group). However, the 
difference in pregnancy rate between S and P 
moose age-groups was not statistically sig­
nificant. Yet, more importantly than estab­
lishing statistical significance is determining 
whether such small differences in productiv­
ity of P and S moose age-groups are biologi­
cally significant to moose managers. Such a 
query would have to be addressed case by 
case though a population modeling process. 
Nevertheless, if managers decide to selec­
tively remove S age-group cow moose from a 
population and "calflessness" is used as an 
identifying criteria, my study showed that 
many moose in theY and T age-groups would 
be erroneously selected for removal. 

Prior moose studies have shown that 
twinning rate is related to age-class, year, 
nutrition, weather, climate and region 
(Edwards and Ritcey 1958, Pimlott 1959, 
Simkin 1965,Markgren 1969and 1973,Blood 
1973,SchladweilerandStevens 1973). Inmy 
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study, there was evidence that twinning rate 
was affected by age-group effects and Y I A 
effects. Evidence of Y I A effects on twinning 
rate contrasts with the lack of evidence of Y I 
A effects on pregnancy rate. However, these 
contrasting findings are not necessarily con­
tradictory, as twinning rate may be more 
sensitive than pregnancy rate to changes or 
differences in the environment of cow moose. 
Edwards and Ritcey (1958) analyzed white­
tailed deer (Odocoileus virginianus) and 
moose data that indicated multiple pregnancy 
was a more sensitive indicator of nutritional 
status than rate of pregnancy. Franzmann and 
Schwartz (1985) analyzed data containing Y I 
A differences in twinning rate and provided 
evidence that twinning rate was an indicator 
of the relationship of a moose population to 
quality of its habitat. 

The influence of winter weather on pro­
ductivity is documented in many studies of 
cervids (Cheatum and Servinghaus 1950, 
Ransom 1967, Markgren 1969, Verme 1974, 
Mech et al. 1987, Srether 1987). In my study, 
lowest and highest Y I A fetus production val­
ues were noted in years that were preceded by 
winters that were rated greatly different in 
severity. Lowest fetus production (e.g., 88.61 
100 cows) was noted in 1973 (YIA J); a year 
that was preceded by a series of warm 
shallow snow winters (1970-72) that were 
rated (Bishop and Rausch 1974:570, Coady 
1974:427) as severe for moose throughout 
Alaska. Whereas, highest fetus production 
(e.g., 129.0-140.7/100 cows) was noted in 
1968 (Y I A H), a year that was preceded by a 
series of warm shallow-snow winters that 
were rated (Bishop and Rausch 1974) as aver­
age or < average in severity for moose. 

Moose managers strive to maximize the 
number of moose available for recreation and 
meat production (Rausch et al. 1974, Sylven 
et al. 1987). In south-central Alaska, manag­
ers manipulate vegetation in habitats to in­
crease abundance and distribution of moose 
(Oldemeyer and Regelin 1987). My results 
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imply that managers could increase produc­
tivity of moose populations by managing for 
more P age-group females. Furthermore, 
difference between estimates of gross pro­
ductivity in my study (e.g., YIA range= 89-
129 fetuses/100 cows) and estimates (Bishop 
and Rausch 1974) of net productivity in fall in 
comparable years and areas (e.g., Y I A range= 
15-53 calvesl100 cows) implies that manag­
ers could realize large improvements in net 
productivity of moose populations in south­
central Alaska by managing to reduce the 
mortality of moose <6 months-of-age. To 
compare in utero productivty data obtained 
from hunter-killed moose with productivty 
data obtained from fall aerial surveys, I made 
the assumption that the age structure ofhunter­
killed cow moose was not different from that 
of the moose populations surveyed in fall. 
This assumption is not unreasonable, exclud­
ing calves, which hunters may avoid killing 
because of their smaller size. Recent studies 
on the extent of predation on moose calves in 
the Kenai area (Franzmann et al. 1980, 
Franzmann and Schwartz 1986) lend support 
to my contention that the majority of moose 
calves produced are dead before fall. Further­
more, I believe that data on gross productiv­
ity, as that provided in my study, are essential 
for moose managers to fully appreciate the 
magnitude and importance of calf mortality in 
moose population dynamics. 

In my study, the between-Y I A variation 
in pregnancy rate and twinning rate was lower 
among cows in the P age-group than among 
cows in the other age-groups. These data 
imply that P age-group cow moose produced 
fetuses at a relatively consistent rate while 
exposed to different environmental condi­
tions in the form ofY I A effects. Furthermore, 
I believe that only when environmental con­
ditions are more favorable than average do the 
productivity rates of cow moose in other age­
groups, particularly in the S age-group, ap­
proach the productivity rate of cows in the P 
age-group. Studies on cervids (Verme 1974) 
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indicate that given marginal nutrition during 
pregnancy, the physically superior animals in 
a population are most likely to drop viable 
offspring and rear them successfully. Based 
on the productivity parameters I studied, cow 
moose in age-classes 4-11, the P age-group, 
are superior in comparison to female moose in 
the other age-groups. 

Knowledge and data on demographics 
and structure of populations are critical to 
understanding population dynamics (Bubenik 
1975). Bubenik (1975) emphasized that the 
terms juvenile and adult were grossly inad­
equate to describe the array of classes (e.g. 
physical, physiological and behavioral) of 
animals in a population. To more precisely 
describe the maturation status of individuals 
in a population Bubenik ( 1975) used the terms: 
infant, pre-teen, teen, prime and senior. My 
results indicate that such classifications are 
relevant and necessary in studies of cow moose 
reproduction. 
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ERRATUM: In utero pregnancy rate, twinning rate and fetus production 
for age groups of cow moose in south-central Alaska. 

Ronald D. Modafferi 

Alces 28:223-234. 

Figures 2 (:226) and 3 (:228) were reversed and should be as follows: 
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Fig. 2. Model estimated parameter coefficients 
(circles) and coefficient ±95% Cis (vertical 
lines) from the model, log it= a + t. consisting 

J 
of the logit = (ln(pregnant/non-pregnant)), a= 
mean log it (a ) and age-group effects ( t , n =4 ). 
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Mean lo~it, a = 1.4926. 

1.0 

.... 
ffi 0.5 

S:! 
"­
"- I 
8 0.0 .. ··················----·---··--

a: w 
tu -o.s 

~ 
~ 
c ·1.0 
w ..... 
c( 
~ 
t= ·1 5 Cf.) . 

w 

--.--

T P S 

AGE-GROUP 
Fig. 3. Model estimated parameter coefficients 

(circles) and coefficient ±95% Cis (vertical 
lines) from the model.logit =a+~.+ t

1
• consist­

ing of the logit (ln(:!-fetus pregnancies/1-fetus 
pregnancies)), a mean logit (a). year/area ef­
fects(~,. n = I 1), and age-group effects ( t

1
• n = 

3). Mean logit, a= -1.436:!. 


