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Abstract: Preliminary results of a 3 year study of moase
ovaries, uteri and carcass weights are presented. The

number of corpora lutea (NCL) was significantly correlated
with carcass weight and age, but the correlation was greatest
with carcass weight. The youngest animals had fewer corpora
Tutea than intermediate age cows. The data indicate that cows
attain their maximum productivity by 4 years of age. This was
evidenced in the age group 4-7 years old cows by having the
greatest NCL and the greatest number of follicles (NF) greater
than 6 mm in diameter. Cows greater than 7 years of age were

Tess reproductive than cows 4-7 years old. But the small sample

size in the older age class prevented a conclusion regarding
reduced fertility with advancing age. The average NF in each
age class did not correlate exactly with the average NCL.
Females 2 years old had a large mean NF but a small mean NCL.
Age, size of body and carcass weight had significant effects on
ovarian weights. Ovaries from the left side were heaviest

and also had the greatest NCL. Ovaries from the right side

had the greatest NF however. Animals from the most northern
Tocality were the heaviest (P < 0.1).
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The recent rapid increase in the moose population in Sweden (Wilhelmson
et al. 1979) has stimulated interest in population studies with moose.
Computer simulations studies are being conducted (e.g. Sylven et al. 1979)
in order to gain a better understanding of moose population dynamics. A
knowledge of the reproductive potential and of the influence of various
environmental factors on fertility is a fundamentai requirement for under-
standing population dynamics (Cheatum 1949). Therefore, a study of the
reproductive potential of female moose in Sweden was initiated in 1978.

The project was planned and is being conducted in cooperation with Korsnas-
Marma AB, one of the largest logging companies in Sweden. The first year
of the study was a pilot project. This paper is a preliminary report and
presents data primarily from 1979. A final report presenting the collated

results. from a three year study will be prepared in 1981.

MATERIALS AND METHODS

The method of evaluating reproductive activity was similar to that
of Cheatum (1949), Markgren (1969) and Rajakoski and Koivisto (1966). The
number of corpora Tutea (NCL) and the number of follicles (NF) greater
than 5 mm in diameter in each ovary were our measurements of reproductive
activity. Carcass ovarian and uterine weights were also measured. Age
classes of animals were determined by counting cemental annuli in the first
molar (Wolfe 1969)

Moose were harvested between October 15 and December 14 in 1979 in
four different localities in central Sweden (fig.l). The habitat types
in the four areas were as follows: 1, taiga; 2, a mixture of taiga and
arable land; 3, taiga; 4, mountain taiga. The moose carcasses were pro-
cessed in four slaughterhouses, one in each area. The number of arimals
in each age -and location class is presented in table 1 for each dependent

variable.
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Table 1. Sample sizes within different age and location classes for measurements
taken from moose carcasses.

Weight of carcass Weight of uterus
Locality Locality
Age 1 2 3 ] Total 1 2 3 4 Total
1 15 12} 15 5 46 1o 5 15 5 35
2 4 7 2 3 16 3 5 1 2 n
3 3 2 3 4 12 2 3 h 9
4-7 8 13 3 3 27 5 7 3 3 18
28 2 2 1 2 7 1 2
4. Ljusdal Total 32 35 24 17 108 20 17 22 15 75
1. Framlingshem .
2. Stjsrnsund NCL and NF per animal NCL and NF per ovary and ovarian weight
Locality Locality
~3.Gimo Age 1 2 3 L] Total 1 2 3 L] Total
1 n 7 15 5 38 22 14 30 10 76
2 LI 2 3 14 8 10 i 6 28
3 2 3 4 9 ] 6 8 18
4-7 8 10 3 3 24 16 14 6 6 42
2 12 3 2 b 6
Total 25 22 2L 17 88 50 38 L8 EL) 170

Figure ). Approximate locations of areas in Sweden from
which moose were harvested for ovarian study.
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Ovaries collected from area 2 and those collected in December from
all areas were preserved by freezing. These ovaries were thawed, cut
with a scalpel into 2 or 3 slices and examined visually to count the
NCL and NF. A1l other ovaries were fixed in 10% formalin and sectioﬁed
into slices about 1.5 mm thick using a razor blade mounted 1.5 mm above
a plexiglass base (Hawley et al., in preparation).

The data were analyzed by least squares regression and analysis of
variance (Barr et al. 1976; Harvey 1960; Helwig 1977). Individual ani-
mals were considered to be the random observational unit. lthen analysing
the measurements made on both ovaries of individual animals, the analyses
had a nested design.

Uterine weight could be affected by body weight and the length of
time after conception. Since data collection commenced during the latter
part of the breeding period of moose (Markgren 1969) the day of collection
represented the length of time into the breeding cycle. Therefore, carcass
weight (as an estimate of body weight) and day of collection (as an estimate
of time after conception) were included in the model for uterine weight.
The day of collection was counted starting with October 15 as day 1. The
regression of carcass weight on age and Tocality included data from moose
harvested in 1978 during 6 - 8 weeks commencing about October 15. Trans-
forming all data to vx + 1 in order to more closely approximate normal dis-
tributions (Snedecor and Cochron 1967) did not alter the results of the

analyses. Therefore, all data presented in this report are non-transformed.

RESULTS
A greater proportion of the variability in the NCL and the NF was

accounted for by regression on carcass weight than on age class (Table 2).
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Table 2. The coefficient of determination (rz) for regressions
of various traits on age class and carcass weight.

Independent variable

Trait Age class Carcass weight
Age class .36
NCL per animal .34 .48
NF per animal .11 .18

Also, the mean carcass weight of yearlings which had ovulated (150 kg) was
significantly greater (P < 0.001) than that of yearlings which had not
ovulated (131 kg). Since carcass weight and age class were correlated
(Table 2), only one was included as an independent variable in the regression.
Because of the greater correlation of the number of reproductive structures
with carcass weight, dependent variables were regressed on this variable. Age
class was included as a discontinuous variable in the analyses of variance.
Carcass weight varied significantly with age (Table 3) and was greatest
in the 4 - 7 year age class (Table 4). The effect of locality on carcass
weight was significant at the 10% level but not at the 5% level. Adjusted
mean carcass weight was numerically greater for animals from locality 4
(Table 5).
The weight of the uterus varied significantly with all effects except
that of the age class x locality interaction. Uterine weight increased with

carcass weight but did not vary regularly with age (Table 4). Cows 4 - 7

years old and those from locality 3 had the largest adjusted mean uterine weights.

The NCL was greatest in cows 4 - 7 years old (Table 4) and this was true
for comparisons of either left or right ovaries. The effect of age was only
significant for the NCL per animal and not for the NCL per ovary however

(Table 3). Ovarian weight varied significantly with age {Tables 3 and 4)

~and was greater for the left side while the NF was greater for the right

side (Table 6). The NCL and NF increased significantly with increasing

carcass weight (Tables 3 and 4). The regressions of the NF
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130 Table 4. Adjusted overall means and standard errors {u & SE) and adjusted
means of carcass weights, uterine weights, number of corpora lutea
(NCL), number of follicles greater than 5 mm (NF) per animal and
ovary weights.
]
. c n !
@ s o Age
o < ~
— S ©
I o x pn + SE 1 2 3 4-7 >8
g =
o S
Qo (=
= & 8 * Carcass wt. (kg) 165.4+2.1 142.4 169.1 171.4 173.8 171.6
h=)
S Uterine wt. (g) 153.5+12.4 99.5 156.4 143.6 216.8 151.2
o
3 s 5 Ovary wt. (g) 2.76:0.12 1.67 2.25 3.06 3.58 3.14
= —
5 s £ NCL 0.88:0.08 0.61 0.76 1.09 1.28 0.6€
1. —
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2 _ e carcass weights for each locality.
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per animal and per ovary on carcass weight were similar to those of the
NCL per animal and per ovary on carcass weight, respectively. The NF
in the ovaries did not parallel the NCL exactly in the younger age classes

(Table 4).

DISCUSSION

The NCL per animal and the NF per animal were very similar in their
deviations from the means in the two oldest age classes. The reduction
in both values in the oldest age class suggests a reduction in repro-
ductive potential with advanced age but the data for the oldest age
class are too limited to warrant this conclusion at this time. Among
the younger age classes, the NCL and NF per animal had different patterns
of variation. In particular, 2 year.old cows had greater than the
average NF but less than the average NCL (Table 4). This suggests that
ovulation and implantation were less than would be expected based on the
NF. However, a high proportion of 3 year old cows have calves. The
relatively low NCL in our sample of young cows may have been an artifact
of the time of sampling. The majority of our samples were collected in
October. The peak of the moose breeding season in central Sweden usually
occurs in early October and young cows may have a later estrous than older
cows (Markgren 1969).

A disparity between NCL and NF per animal was nct evident in 1 year
old cows. It is possible that in yearlings active follicles may be smaller

“than the 5 mm criterion used in this study.

The data indicate that cows attain their maximum productivity by 4 years

of age. This agrees with the observations of Yazan (1964). Markgren (1969)

was of the opinion that the most fertile age span was from 6 - 11 years.
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However, the data of Stalfelt (1974) indicate that female moose attain a
high level of productivity as young as 2 - 3 years of age.‘

The significant effect of locality on uterus weight may be attributable
to the occurrence of a few extremely large uteri in pregnant moose from
Tocality 3. Other dependent variables were not significantly affected
by locality, suggesting that there were no reproductive differences among
moose from the four localities. It is possible, however, that this absence
of significance was due to too small a sample size in each area.

The area which yielded- moose with numerically the greatest mean carcass
weight (locality 4) was farther north than the other areas. The data of

Stalfelt (1974) also indicate that the body weight of moose in Sweden

increases with increasing latitude. Within the research area, carcass weight was

‘a good measurement of reproductive condition. This agrees with the
observations of Markgren (1969) and Yazan (1964).

The data collected thus far indicate that the Teft ovary of moose is
reproductively more active than the right. The greater mean weight of
ovaries on the left side could be attributed to the predominance of corpora
lutea in ovaries on the left side. In cattle, the right ovary is heavier
than the left. This is not necessarily due to a predominance of corpora
lutea in the right ovary since the right ovary of non-pregnant heifers has
a greater weight and a greater NF 1 mm in diameter than does the Teft
(Rajakoski 1960). Our results agree with those of Rajakoski (1960) in
that there were on average more follicles in the right ovary. The inverse
relationship between the mean NCL per ovary on one side and the mean NF
on the same side in our study suggests that follicles regressed in the
ovary with the corpus luteum. The growth of the corpus luteum may have
physically compacted large folliclesin the same ovary. This could have

excluded some follicles from the count. The absence of significance of
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the effect of most variables on NCL and NF per ovary was attributed to
the loss of residual degrees of freedom when the data were segregated

as to the side of the body because of the nested design.

135

LITERATURE CITED

Barr, A. J., J. H. Goodnight, J. P. Sull and J. T. Helwig. 1975.
A user's guide to SAS 76. SAS Institute Inc., Raleigh,
North Carolina.

Cheatum, E. L. 1949. The use of corpora lutea for determining
ovulation incidence and variations in fertility of white-
tailed deer. Cornell Vet. 39: 282-291.

Harvey, W. R. 1960. lLeast-squares analysis of data with unequal
subclass numbers. USDA, ARS 20 - 8.

Hawley, A. W. L., S. Sylven and M. Wilhelmson. A simple device
for sectioning ovaries. Manuscript.

Helwig, J. T. 1877. SAS Supplemental library user's guide. SAS
Institute Inc., Raleigh, North Carolina.

Markgren, G. 1969. Reproduction of moose in Sweden. Viltrevy 6:
127 - 299.

Rajakoski, E. 1960. The ovarian follicular system in sexually
mature heifers with special reference to seasonal,
cyclical, and left-right variations. Acta Endocrin.
suppl. 52 (LII). Uppsala.

Rajakoski, E. and 1. Koivisto. 1966. Om algens fortplantning i
Finland. Féredr. och disk. Viltforskningsrddets nord.
konf. 3 - 5 mars 1966: 53 - 58. (In Swedish).

Snedecor, G. W. and W. G. Cochran. 1967. Statistical methods.

6th ed. Ames, lowa.



ALCES VOL. 16, 1980

Stalfelt,

Sylvén, S.

136

F. 1974. Alg populationerna i lan med samordnad algjakt.
Pages 5 - 23 n F. Stalfelt and I. Norling et al. Rapporter
angaende forsok med samordnad algjakt i Kronobergs, Vastman-
lands och Norrbottens lan. SNV. Solna. Publ. No. PM. 485.
{In Swedish).

, M. Aspers, J. A. Eriksson and M. Wilhelmson. 1979.
Regulated harvesting of the moose population - a simulation
study. Report 33. Dept. of Animal Breeding and Genetics,
Swedish University of Agricultural Sciences, $-750 07

Uppsala, Sweden.

Wilhelmson, M. and S. Sylvén, 1979. The Swedish moose population

Wolfe, M.

Yazan, P.

explosion, preconditions, limiting factors and regulation
for maximum meat production. Proc. N. Am. Moose Conf.
Workshop 15: 19-31.

L. 1969. Age determination in moose from cemental layers
of molar teeth. J. Wildl. Manage. 33: 428-431.

1964. Moose density and fertility characteristics at
Pechora. Biol. i promysel losja, 101-112. Moscow.

(In Russian).



