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Abstract: Morphometric studies of uteri, ovary weights, and follicle diameters were carried out 1o investigate
possible methodological applications. Size and anatomical appearance of the uterus varied with age and phase
in the estrous cycle, both in parous and nulliparous females. The uterus thus may provide valuable informa-
tion on reproductive status for known-aged animals. \X/eight of ovaries increased in young, but declined in old
females, showing significant covariance with body weight in young and prime ages. Ovary weights increased
from low levels shortly after parturition to a maximum towards the end of the gestation period. Ovaries con-
taining a corpus luteurn were heavier than those without. Compared to ovary weights, mean diameter of lar-
gest ovarian follicle varied in an opposite pattern during the yearly cycle. Maximum follicle diameter was lar-
gest in non-ovulated females. Weight of ovaries and follicle size appear to be of limited value as criteria in

analysis of reproductive status and performance.
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Introduction

Reproductive organs exhibit significant change
in anatomical appearance and function over the
lifetime of female individuals (McDonald, 1975;
Nalbandov, 1976), thus providing a potential
source of information on reproductive develop-
ment and activity. In seasonal breeders like cer-
vids, temporary structures in the ovaries may
reflect reproductive status and history (Chea-
tum, 1949; Morrison, 1960; Strandgaard, 1972;
Dauphiné and McClure, 1974; Haagenrud and
Markgren, 1974), while the size and appearance
of the uterus may provide supplementary infor-
mation on fertility and reproductive activity
(Valentincic, 1958; Markgren, 1969; Wegge,
1975).
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Although examination of reproductive organs
1s widely applied as a way to reveal reproducti-
ve events, in particular age-specific fecundity
(Golley, 1957; Wegge, 1975; Thomas, 1983),
quantitative information on cyclic and lifetime
changes in various parts of the reproductive
tract of cervids is scarce (Leader-Williams and
Rosser, 1983; Ahrens und Liess, 1987; Horak,
1989).

On a qualitative basis Markgren (1969) de-
monstrated how size and appearance of the ute-
rus may be used to assess maturation and fertili-
ty in female moose (Alces alces) Markgren
(op.cit) also indicated that size of Graafian fol-
licles in ovaries may provide a possible crite-
rion for the forthcoming estrus. However, these
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observations were not substantiated quantitati-
vely. Ahrens and Liess (1987) showed that
weight of uterus and ovaries differed between
yearlings and older female fallow deer (Dama
dama), but did not relate their observations to
effects inherent to the estrous cycle or pregnan-
cy. Also, in red deer Valentincic (1958) demon-
strated that size of uteri varied between year-
ling hinds and older females, and that occurren-
ce of corpora lutea in the ovaries was associated
with larger size both in uteri and ovaries. De-
velopment and seasonal variation in size of ova-
rian follicles in elk (Cervus elaphus) and red deer
have been studied by Halazon and Buechner
(1956), Valentincic (1958) and Morrison (1960).
However, their descriptions are partly contras-
ting, and small samples size and limited statisti-
cal reporting of observations makes more gene-
ralized interpretation of their findings difficult.

In Norway, most female red deer are culled
early in the hunting season (September to mid
October) prior to the main period of breeding
activity starting in mid October. Thus, access
to reproductive tracts and ovaries from animals
which have ovulated is limited. This applies
especially to yearling hinds since they tend to
ovulate later than older females (Langvatn un-
publ. data). As part of a methodological study
of reproductive organs in red deer (Langvatn
1992), this paper describes size and appearance
of the uterus in females of different age and re-
productive history, aiming to investigate the
possible use of this organ as an additional sour-
ce of information on reproductive events, pri-
marily revealed through analysis of ovaries. In
addition, seasonal and age related changes in the
weight of ovaries and size of the largest ovarian
follicles are described and discussed in relation
to breeding cycles and reproductive status of
the females.

Methods and material

In cooperation with local wildlife boards and
hunters, jawbones and reproductive organs
from 2174 female Norwegian red deer (C. e. at-
lanticus) were collected from different localities
during the hunting seasons (10 September - 14
December) between 1970 and 1989. In addition
to the material, hunters provided information
on date shot, dressed weight, lactation and loca-
lity for each animal (Langvatn, 1986; Langvatn
and Albon, 1986). Similar data and material

58

were collected outside the hunting season from
animals killed in accidents or selectively culled
for scientific purposes.

Age determination. - Calves and yearlings were
aged on basis of tooth eruption pattern (Mit-
chell and Youngson, 1969), while the method
described by Reimers and Nordby (1968) was
applied for age determination of older animals,
including decalcification and microsectioning of
roots of first incisors with its cementum layers
and annnli.

Uters. — Uteri were autopsied and tissue samples
preserved in 10% formalin for later processing.
However, a sample of 210 fresh uteri from fe-
males of different age and reproductive status
were trimmed and weighed. The trimmed ute-
rus consisted of the corpus uterii and cornua,
less ovaries and ligaments, cut free from the va-
ginal tract at the cervix.

Qwaries. - Ovarles were cut free at the hilum,
weighed separately, and stored in formalin for
analysis. The analysis of the ovaries included
describing size and appearance of various luteal
structures and their regressing stages. Size of
largest follicles was determined by measuring
the maximum and minimum diameters at right
angles across the exposed face of the structures.
The two diameters were averaged (Leader-Wil-
liams and Rosser, 1983).

Reproductive status. — Information on lactational
status and occurrence of a corpus rubrum (corpus
albicans) as described by Valentincic (1958),
Markgren (1969) and Langvatn’(1992) was used
to assess 1f the hind had given birth during the
immidiate, preceding calving season (June). Cor-
pora albicantia assumingly older than the cor-
pus rubrum (Gibson, 1957; Valentincic, 1958;
Haagenrud and Markgren, 1974) were indicative
of multiple parturitions in animals three years
and older. Young age (1-3 years), no lactation,
and no indication of regressed luteal structures
characterized nulliparous females (no offspring).
Presence of corpora lutea in the ovaries (but no
blastocyst or implant in uterus) indicated a re-
cent ovulation and estrus.

Statistical analysis. - Tests for homogeneity of
variance and distributions in the data (e.g. kur-
tosis, skewness) were used to check if assump-
tions of normal error distributions were met.
T-tests and one-way analysis of variance were
used to compare mean values of weight of uteri
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) with body weight (covariate), month of sampling, age, estrus (ovulated, non-ovulated), and whether
), - (independent factors). Regression approach model with simultaneous assessment and correc-

previous parturition

Table 1. Variation in weight of uterus {dependent variable
the hinds given birth or not earlier (
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tion of factors, covariate and interactions.

Previous parturition Month of sampling

Estrus

Cow.raw Age

regr.coeff.

Body weight

F

P

F

1%

F

All females
=1 year

F1,165=64'915 <O_OO1>(<=('>? F3,165=1'347 0.263(N.S.)

FI,I()EA = 60929 < 0.001:?**

0020 Fy5=29.630 <0.001%*

Fl,165 = O 193 Oéél(NS)

1992

Within age groups:
yearling hinds

)
)
)
)

0.600 0.553(N.S.
2362 0.108(N.S
0.215 0808(N.S.
0.960 0.392(N.S.

37 =
F3,25
F3,37 =

F3,48

0.001#+

(a)

Fi3,=128.680 <0.001*** F,

(b)

F1,25 = 13133

0.005%*
0.023 *

11523 0.001%#+
F5 =14.124  0.000"
9.283
Fiy = 5670

B

F1,48
FI,ZS

0.041
0.084
0.003
-0.151

)
)
)
)

0629 0432(N.S.
Fpos <0.001 0.986(NS.

1394 0.245(N.S

37 =
Fy =0.638 0429(N.S

F1,48
Fy

2 year old hinds
3 year old hinds
hinds=4 year old

(a) Parous yearling hinds did not occur

(

b) Nulliparous hinds = 4 years did not occur

and ovaries, as well as mean diameter of the lar-
gest ovarian follicles. Factorial and covariate
models for analysis of variance were used to
examine the effects of month of sampling, age
(categories, see below), previous parturition,
and estrus, with body weight as a covariate, on
the weight of uteri and ovaries and size of fol-
licles. Relationships between dependent varia-
bles and factors such as age and time periods
also were examined with linear regression ana-

lysis.

Results

Weight of uteri. - Calves of Norwegian red deer
have never been reported to conceive, nor have
yearling hinds been found to lactate. The
weight of the uterus in calves was significantly
lower than in older age groups of non-ovulated
females (one-way analysis of variance, Scheffe’s
procedure; F, |, 114.023, p< 0.05; - Fig. 1).
Calves were excluded from further analysis con-
cerning weight of uteri.

The assumption of homogeneity of variance
in sampled categories of females appeared to be
met (Cochran’s C, all p = 0.10). Analysis of
variance (regression approach model) showed
significant variation between weight of uterus
and age (categories: 1, 2, 3 and = 4 years), pa-
rous or nulliparous status, and whether the
hind had ovulated or not that season. Month of
sampling was not significant, nor was there sig-
nificant covariance with body weight after con-
trolling for age. The analysis is summarized in
Table 1, both for the entire sample of hinds (=
1 year old), and within age groups.

Within age groups weight of uterus in general
varied significantly with estrus, and in hinds
two years and older also with previous parturi-
tion. Month of sampling was not significant af-
ter controlling for the effect of estrus in any
age category, nor was there significant covarian-
ce with body weight.

One-way analysis of variance (Scheffe’s proce-
dure), showed no significant differences in
weight of uterus between hinds four years and
older, neither in ovulated nor in non-ovulated
individuals (Fy,, = 0.264, p > 0.05, and F g,
= 0.528, p > 0.05 respectively). However, the
same analysis did show significant differences in
mean uteri weights between non-ovulated fema-
les in the age groups shown in Figure 1, both
for parous and nulliparous hinds (F
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Fig. 1. Mean weight of uteri (= 95% confidence li-
mits) for nulliparous (a) and parous (b) red
deer females. Circles=non-ovlulated, square-
s=ovulated. Sample size in brackets.

19.340, p < 005 and F,., = 63748, p <
0.05). Within ovulated, parous hinds significant
differences in the weight of the uterus was de-
monstrated (Fig. 1b) only between two and
four years old (F,;, = 8.376, p < 0.05), while
no such difference occured between ovulated,
nulliparous females (Fig. 1a; - F,;, = 3517, p
— 0.053).

As indicated in Figure 1, differences in mean
uteri weights were significant between ovulated
and non-ovulated hinds in all age groups, irre-
spective of their previous breeding history (t-
tests, all p < 0.001). Also, in two and three
year old non-ovulated hinds, uteri were signifi-
cantly heavier in the parous compared to the
nulliparous group (2 year old: F,, = 158.997,
p < 0.001, 3 year old: F,| = 26,695, p <
0.001).

On the basis of corpora albicantia and lacta-
tion, three year old hinds were classificied as
primipara or multipara (first and second time
breeders). Mean uterus weight for the two gro-
ups were 47.0 g (S.D. £ 5.03) and 54.5 g (S.D.
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+ 6.9) respectively, the difference being signifi-
cant (t = -2.50, d.f. = 18, p < 0.05). Primipa-
rous two and three year old hinds did not dif-
fer in mean uteri weights (t = 1.15, d.f. = 20, p
= 0.263). The sample size did not allow further
analysis of whether the increase in wuterus
weight was associated with number of parturi-
tions.

Although mean uteri weights for non-ovula-
ted yearling hinds did not increase significantly
with month (see above), or fit a regression line
with date of death (R2=0.049, F=1.734,
p=0.197), values for both 70 and 90 percentiles
increased from September to October (70 per-
centile: 14.0 g - 15.5 g, 90 percentile: 15.9 g -
22.2 g). Kurtosis and skewness increased in the
same period (kurtosis: ~0.024 - 1.470, skewness:
0.124 - 1.173). This may indicate that, had they
not been shot, growth of the uterus in some in-
dividuals might have continued towards a size
associated with ovulation in this age class, and
that some of the yearling hinds shot might have
started reproduction at a later date that season.
A similar trend was not apparant in non-ovula-
ted, nulliparous two year old hinds.

Anatomical appearance of uteri. - Compared to
non-ovulated hinds, uteri from ovulated hinds
in all age groups showed relatively more devel-
oped cornua and a more bulgy corpus, as well
as increased vascularization. It also appeared re-
latively easy to distinguish between parous and
nulliparous uteri from anatomical appearance.
Uteri from nulliparous hinds are slimmer”
with relatively smaller cornua, less developed li-
gaments (e.g. lig. latum), and a thinner uterine
wall (myometrium). The pale yellow or pinkish
white colour sometimes gives an almost translu-
cent impression and underlines the “virginity”
compared to the more muscular, darker and
more vascularized uterus from parous hinds.

Weight of ovaries. ~ There was no significant
difference in weight between right and left ova-
ries in any age class (paired t-tests: all p * 0.05),
the overall means being 0.75 g and 0.76 g re-
spectively. In non-ovulated females weight of
ovaries differed significantly between age classes
(Fig. 2; - F,, 1353 = 19.456, p % 0.05). However,
this was largely due to calves having smaller
ovaries than older females. As a group, calves,
yearlings and hinds older than 16 years had
smaller ovaries than hinds 2-16 years of age (t
= =527, d.f. = 393, p % 0.001), the respective

Rangifer, 12 (2), 1992
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Fig. 2. Mean weight of ovaries (£ S.D.) for different
age classes of female red deer. Sampling period
September-December.

means being 0.67 g and 0.92 g. There were no
significant differences in ovary weight between
hinds 2-16 years of age (F, 3 = 2.981, p >
0.05, Schetfe’s proc).

Within age groups (calves, yearlings, hinds 2-
16 years and hinds = 17 years) there was signi-
ficant covariance between ovary weights and
body weight, except in hinds 17 years and older
(Table 2). Weight of ovaries also varied signifi-
cantly with month in yearling hinds and hinds
2-16 years old, but not in calves and hinds ol-
der than 16 years. During autumn (September-
December), weight of ovaries from hinds one
year and older showed a small but steady in-
crease with date (y = 0.76 + 0.0023x, R? =
0.014, Fy 343 = 5.261, p = 0.022), mainly as a re-
sult of a gradually larger proprotion of ovaries
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Fig. 3. Mean weight (= S.D.) of ovaries in pregnant
or parous hinds one year and older in diffe-
rent months of the year.
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containing corpora lutea entering the sample
with time. Overall, ovaries from hinds that had
ovulated weighed significantly more (0.97 g)
than non-ovulated hinds (C.80 g ~ t = -3.77,
df. = 393, p <0.001),

Sample size of data from outside the period
September-December did not allow detailed sta-
ustical analysis. However, some possible trends
may be indicated: Ovaries from nulliparous and
non-pregnant hinds one and two years weighed
on average 0.26 g (n=9, range 0.23 g - 0,31 g)
from December to April. Mean weight from
June to August averaged 0.65 g (n=18, range
0.59 g - 0.76 g) and declined thereafter as a
consequence of a gradually increasing propor-
tion of maturing hinds ovulating, leaving the
less developed individuals with smaller ovaries
in the sample.

In pregnant or parous hinds one year and ol-
der, weight of ovaries follow a different trend
{(Fig. 3), increasing from December to shortly
before parturition in early June. Then weights
dropped to a minimum after parturition, before
Increasing again throughout summer and au-
tuma.

Size of ovarian follicles. - Size of ovarian follic-
les varied within pairs of ovaries as well as be-
tween individuals. The largest follicle measured
had a diameter of 15.0 mm, while the mean dia-
meter for largest follicle across age classes was
5.2 mm. Overall, there was no significant diffe-
rence in size of largest follicle between age clas-
ses (Fi) 105 = 2.49 p > 0.05). Even calves often
had follicles with diameters overlapping the
range of older females (sce Fig. 4). However,
grouped together, calves and hinds 17 years and
older had significantly smaller diameters of lar-
gest ovarian follicles compared to hinds 1-16
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Fig. 4. Mean diameter of largest follicle in pairs of
ovaries from female red deer of different age.
Sampling period September-December.
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years of age, respectively 4.5 mm and 5.3 mm (1
= -3.23, df. = 93.94, p = 0.007, sep.var.est).

Analysis of variance showed that overall, size
of largest follicle varied with age (categories:
calves, yearlings 2-16 years and = 17 years,
Fii000 = 4592, p = 0.003), estrus (Fy 900 =
32754, p < 0.001) and month of sampling
(Fi1,1909 = 4.117, p < 0.001). Covariance with
body weight was also significant (Fj 909 =
8.188, p = 0.004). Excluding calves from the
analysis, however, age was no longer significant
(Fa1566 = 2.767, p = 0.063), leaving other fac-
tors and covariate with unchanged significance
levels.

Within age categories the picture was some-
what different (Table 2). In calves and yearling
hinds, but not in hinds two years and older,
size of largest follicle was positively correlated
with body weight. Month of sampling was im-
portant only in hinds 2-16 years of age, and
follicle size declined from mid summer to par-
turition next spring  (y=6.886-0.292x,
R2=0,025, Fie37 = 42.289, p = < 0.001).
Estrus (with or without corpora lutea) showed
significant association with follicle size both in
yearlings and 2-16 year old hinds. Mean diame-
ter of largest ovarian follicle did not vary with
any independent factor or covariate in hinds 17
years and older, that perhaps also being due to
a small sample size in this age group.

Size of largest follicle declined with date du-
ring summer and autumn in hinds 2-16 years
old (Fig. 5), and Figure 6 illustrates this more
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Fig. 5. Mean diameter (£ S.D.) of largest follicle in
pairs of ovaries from hinds one year and older
in different months of the year.
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Table 2. Relationships between mean weight of ovaries and mean diameter of largest follicle (dependent variables) and body weight (covariate) and month of

sampling and estrus (independent factors).

Estrus

Cow.raw Month of sampling

Body weight

Age groups

p

F

regr. coeff.

0.015

F

0.550 N.S.
0.013#*
5200 <0.001%*

F3,=0.775

0.022%

=5.838
=7.891

4=

F1.3

calves

Weight

0.038*

Fi1157=35.883  <0.001%%*

F;

2

Fl 787‘=2.013

, 28

Fll

0.006
0.006
0.006
0.121
0.038

1187 7

0.005%*

5

yearling hinds F,

of ovaries

hinds 2-16 yrs F1'1137=28.308 < 0.001°

hinds = 17 yrsF, 5;=1.494

0.042*

4.339

537

0.467N.S.
0.71 N.S.

Fg,s:, =0973
F5’37=O.59O

F‘),}

0.227 N.S.
0.039%*

0.002%*
0.409 N.S.

F1’1432=26.385 <O.OOI>HH‘

F1,351 =9306
Fy1,=0.733

0.167N.S.
0.901 N.S.

2.556 0.003**

1.446
-0.373

=
=

5

F11,143

0.012
0.003 Fy,

0.009%*
0.073 N.S.
0.963 N.S.

0.002

=

F|y=4.584

hinds 2-16 yrs F| 43,=3.228

hinds = 17 yrsF,,

calves
yearling hinds F;5,=6.902

largest foll.

Diam. of
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Fig. 6. Mean diameter of largest ovarian follicle with
date in hinds one year and older. a=non-ovu-
lated and ovulated hinds 2-16 years old.
b=non-ovulated hinds 1-2 years old.

generally, also including the regression line for
non-ovulated hinds 1-2 year old. Difference in
slopes of regression lines in Figure 6 may parti-
ally illustrate the moderating or suppressing ef-
fect a corpus luteum or pregnancy is likely to
exercise on development of follicles. Mean size
of largest follicles in non-ovulated hinds was 4.5
mm, and significantly larger than the mean of
40 mm in ovulated hinds (t = 5.13), df. =
896.38, p < 0.001, sep.var.est.). Possibly, this
effect applies to development and dynamics in
the ovaries as a whole, since mean weight of
ovaries in non-ovulated hinds (no corpus lu-
teum) was significantly heavier than non-luteini-
zed ovaries in pairs where the contralateral ova-
ry contained a corpus luteum (t = -2.54, d.f. =
1561, p = 0.011), the respective weights being
0.83 g and 0.78 g in hinds 2-16 years old.

Discussion

As indicated by Valentincic (1958), the weight
of the uterus in red deer may provide an easy
way to assess If a female has given birth earlier
(parous) or not (nulliparous). However, it is cle-
ar that this is reliable only when females have
not ovulated or are pregnant at the time of
sampling (Fig. 1). Variation in time of ovula-
tion and uterine development relating to con-
ception could make comparison between ovula-
ted, nulliparous hinds and parous hinds (ovula-
ted as well as non-ovulated) unfeaseable and
confounding.
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Within both nulliparous and parous females
there is a clear difference in weight of uteri be-
tween ovulated and non-ovulated individuals in
the age groups 1, 2, and 3 year old, and in pa-
rous hinds also in 4 years and older, Thus, kno-
wing the age and parous status (e.g. lactation)
of female sampled in autumn, it is possible to
assess if that female has ovulated or not with
reasonable confidence on the basis of weight of
the trimmed uterus.

The size of uterus tends to increase with age
both in nulliparous and parous individuals up
to three and four years respectively, thus provi-
ding a good indication of age in the two gro-
ups, given the females have not ovulated or
conceived. Ahrens and Liess (1987, also citing
R. Hofmann pers.comm) suggest that in wild
cervids one or two pregnancies are required to
have the uterus fully developed in terms of size
and appearance. From this study (Fig. 1), it se-
ems more likely that 2-3 pregnancies are requi-
red for red deer. No difference in size of uterus
occurred in hinds four years and older. The
sample size did not, however, allow conclusions
about size of uteri in very old hinds (> 20
years), but if anything, the few specimens in
the material tended to have rather small uteri.

Although uteri did not increase in weight
with time, controlled for the effect of estrus,
there appeared a possible positive trend in year-
ling hinds. One conceivable explanation of this
observation is that growth in uterus from Sep-
tember to the end of hunting season is largely
due to an increasing proportion of individuals
approaching estrus (McDonald, 1975; Nalban-
dov, 1976), and had they not been shot, they
probably would have ovulated at a later stage
and exhibited correspondingly heavier uteri.

In Norwegian red deer, yearling hinds gene-
rally ovulate later than older hinds, mainly
from the end of October to latc November or
even into December. Red deer hunting in Nor-
way malnly takes place in September and Oc-
tober, prior to most ovulations in yearling
hinds. Use of uteri weights to estimate propor-
tions of ovulating and non-ovulating females ap-
pear most reliable if sampling takes place late in
the season, thus distinguishing more precisely
between those females who have ovulated or
are likely to, and those who are not. In princi-
ple this also applies to older hinds, although
they are likely to conceive earlier. However,
since more than 95% of hinds two years and ol-
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der conceive (Wegge, 1975; Burkey, 1989; Lang-
vatn, 1990), weight of uteri as a methodological
approach probably in most usefully applied
on yearling hinds, especially since their later
ovulation period reduces possibilities to assess
ovulation on the basis of corpora lutea.

In summary, weight of uteri may provide an
additional source of information to estimate
certain reproductive events like estrus period
and parous status. It may also be indicative of
age, given knowledge about parous status and
whether the female has ovulated or not. Under
circumstances where it is difficult to get sam-
ples of uteri and ovaries from the period at or
after the main estrus activity, uterl weights may
be of help in estimating the proportion of fe-
males likely to ovulate and conceive. In Nor-
way, this is particularly useful in yearling
hinds, since they tend to ovulate towards the
end, or after the present hunting season.

In terms of methodological application,
weight of ovaries per se does not seem to reflect
any particular relationship to reproductive
events, past or approaching. This is perhaps
also the reason why so few authors (Leader-
Williams and Rosser, 1983) have reported on
this variable in wild cervids. European red deer
attain fertility at an age of 1-2 years (Kroning
und Vorreyer, 1957; de Crombrugge, 1964;
Lowe, 1969; Wegge, 1975), and after peak re-
production in prime ages, pregnancy rates decli-
ne in old hinds (Mitchell, 1973; Guinness et al,
1978; Albon er al, 1986; Burkey, 1989). Very
young and very old age classes also have smaller
ovaries (Fig. 2), thus conciding to some extent
with reproductive performance in general.
However, weight of ovaries alone can not be
regarded a reliable criterion 1in this connection,
since although sizc of ovaries from calves and
yearlings may corresponc to those of hinds >
16 years, their histological appearance differs
significantly, as-also shown for moosc (Mark-
gren, 1969). Ovaries from young, nulliparous
females are lighter and more "translucent” com-
pared to the more “dense” and vascularized
ovaries in old hinds. Young females also tend
to have a relatively broad ovarian cortex with
more antral follicles compared to old hinds
where the medullar zone and stromal connecti-
ve tissue in the cortex seem more conspicuous
(conf. Dellmann and Brown, 1976). The trajcc-
tory of mean ovary weights (Fig. 2) for hinds
from three to approximately 16 years of age
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probably illustrates correlation with body
weight more than reproductive performance,
since all these age groups show 99-100% preg-
nancy rates in Norwegian red deer (Burkey,
1989). Leader-Williams and Rosser (1983) and
Horak (1989) found a similar relationship be-
tween ovary weights and age (up to nine years)
in South Georgian reindeer and roe deer, re-
spectively. Their observations on development
of ovaries from calves and differences in weight
of ovaries with and without corpora lutea also
parallel the findings in this study on red deer
(see also Valentincic, 1958).

In reindeer, Leader-Williams and Rosser
(1983) found that in parous hinds, weight of
ovaries declined after early pregnancy and then
increased and declined before parturition. In
contrast the data from this study suggest an in-
crease from low values after parturition to hig-
hest values just before parturition (Fig. 3).
However, this trend did not fit a linear regres-
sion line (R2=0.007, Ty404=3.001, p=0.084).
Trauger and Haugen (1965) found that in
young white-tailed deer, ovaries increased in
size during pregnancy.

In moose (Markgren, 1969) and reindeer (Lea-
der-Williams and Rosser, 1983), calves may have
follicles of a size comparable to mature Graal-
ian follicles in adult females. This is also the
case in red deer, thus excluding the possibility
of using follicle size alone as a indication of fer-
tility. Also, as evident from the work by Hala-
zon and Buechner (1956} functional corpora lu-
tea may originate from follicles with diameters
well within the range of follicle size in calves.

There was a relatively small variance around
the mean diameter of largest ovarian follicle
over the lifc span” in red deer. Only calves
and very old hinds (= 17 years) tended to di-
verge in that respect. Because published infor-
mation 1s not available, it 1s difficult to know
how this compares to other species, although
Valentincic (1958) and Markgren (1969) descri-
bed ovaries from old female red deer and mo-
ose to be often small and with few antral follic-
les. Among hinds = 17 years, there were clear-
ly some in menopause (sterile) with ovaries
Wughmgj from 0.10 to 0.32 g. Histological exa-
mination revealed no developing (secondary)
follicles, and the cortical stroma appeared dense,
consisting mainly of connective tissue (Valentin-
cic, 1958). It seems likely that, allowing for in-
dividual variation, red deer hinds approach ces-
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sation of their reproductive capability from ap-
proximately 17 years of age. Burkey (1989)
reported a significant decline in pregnancy rates
in hinds older than 19 years.

The association between size of largest follicle
and body weight in calves and yearlings may be
related to covariance between body weight and
the weight of ovaries. Valentincic (1958) states
that size of follicles relates to the size of ovari-
es, smaller ovaries offering limited possibilities
for the development of large follicles.

In many cervids, number and size of large an-
tral follicles increase during the follicular phase
(proestrus-estrus; - Halazon and Buechner, 1956;
Morrison, 1960; Harder and Moorhead, 1980;
Leader-Williams and Roser, 1983). According to
Harrison and Weir (1977), the period for devel-
opment of the follicle from a primordial state is
about 10 days in the cow. Assuming a similar
period In cervids, 1t is not surprising that many
large follicles during anestrus and early proe-
strus phases were obliterative atretic with infol-
ded and hypertrophic granulosa and theca la-
yers (see also Halazon and Buechner, 1956;
Harder and Moorhead, 1980; Leader-Williams
and Rosser, 1983). In contrast to observations
by Halazon and Buechner (1956) in elk, ovaries
from Norwegian red deer contained many large
follicles (> 2 mm) during the anestrus period
shortly after parturition. In fact, in hinds two
years and older (as well as yearlings) the largest
follicles on average occurred in this period,
whereafter the mean diameter declined gradual-
ly during follicular and luteal phases (Fig. 5).
The decline in follicle size from July to Decem-
ber (Fig. 6) may be caused by a gradual reduc-
tion in representation of large follicles as they
turn atretic or later rupture and luteinize (Fig.
6a). It may also reflect the suppressing effect
progesterone from corpora lutea exercises on
development of new antral follicles (Broksx,
1972), as illustrated by the difference in slope of
lines a and b in Figure 6. This also applies to
the whole period of pregnancy, probably accen-
tuated by increased amounts of progesterone
from the gravid uterus (McDonald, 1975; Nal-
bandov, 1976). Peripheral plasma progesterone
levels in white-tailed deer were low during ane-
strus in does in August-September, but 1a-
creased at the tme of ovulation, and stayed
high during winter (Harder and Moorhead,
1980).

Morrison (1960) and Markgren (1969) found
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no major differences in size or number of large
antral follicles between pregnant and non-preg-
nant females in elk and moose respectively.
From this study however, it seems clear that
heavier ovaries and smaller antral follicles in ge-
neral coincides with estrus (corpora lutea) and
pregnancy.

In conclusion, weight of the uterus may serve
as a useful measure to substantiate assessments
of reproductive events such as parous status,
fertility, and estrus within different age groups.
Application is perhaps of special interest in 1-2
year old hinds entering first reproduction. If
ovulation rates can not be calculated on the ba-
sis of corpora lutea, weight of uteri, sampled
shortly before the peak estrous period, may be
indicative of what proportion of the hinds that
is likely to ovulate at a later stage.

Not surprisingly, changes in weight of ovaries
and size of ovarian folliclies were associated
with reproductive events like ovulation and
pregnancy. However, variation with age, body
weight and phase in estrous cycle makes it dif-
ficult to see any applicable value of these mea-
sures that surpass or significantly support other
criteria for reproductive events used in popula-
tion dynamics and ecological studies.

Acknowledgements

This study would not have been possible without the
consent of a large number of municipal wildlife bo-
ards. L. Ingdal assisted in sampling and laboratory
work, and S. D. Albon, T. Hanley and N. Chr.
Stenseth gave valuable comments on earlier drafts of
this manuscript. To all these persons I wish to ex-
press my sincere thanks.

References

Ahrens, M. and Liess, C. 1987. Untersuchungen zur
Uterus- und Ovarentwiklung sowie zum Wachstum
der Embryonen und Feten betm Damwild. - Aon-
tashefte fiir Veterindrmedizin 42: 901-904.

Albon, S. D., Mitchell, B., Huby, B. J. and Brown,
D. 1986. Ferrility in female Red deer (Cervus elap-
hus): the effects of body composition, age and re-
productive status. — fournal of Zoology (London, A),
209: 447-460.

Brokx, P. A. 1972. Ovarian composition and aspects
of the reproductive physiology of Venezuelan whi-
te-tailed deer (Odocoileus wirginianus gymmnotis) -
Journal of AMammalogy, 53 (4): 760-773.

Burkey, T. 1989. Demography of Norwegian red deer
(Cervus elaphus). Cand. scient. thesis, University of
Oslo, 53 pp.

65



Cheatum, E. L. 1949. The use of corpora lutea for
determining ovulation incidence and variations in
fertility of white-tailed deer. - The Cornell Veter:-
narian, 39 (3): 282-291.

Dauphine, C. T. and McClure, L. R. 1974,
Synchronous mating in canadian barren-ground ca-
ribou. - Journal of Wildlife Management, 38 (1): 54-
66.

de Crombrugge, S. 1964. Untersuchungen iiber die
Reproduktion des Rotwildes in den Niederland. -
Zeitscrift fiir Jagdwissenschaft, 10: 91-101.

Dellmann, H-D and Brown, E. M. 1976. Textbook
of Veterinary Histology. Lea and Febiger, Philadel-
phia. 513 pp.

Gibson, D. 1957. The ovary as an indicator of repro-
ductive history in the white-tailed deer (Odocoileus
virginianus borealis, Miller). M. A.thesis, University
of Toronto, 61 pp.

Golley, F. 1957. An appraisal of ovarian analyses in
determining reproductive performance of black-tai-
led deer. - Journal of Wildlife Management, 21 (1):
62-65.

Guinness, F., Albon, S. D. and Clutton-Brock, T.
H. 1978. Factors affecting reproduction in red deer
(Cervus elaphus) hinds on Rhum. - Jomrnal of Re-
production and Fertility, 54: 325-334.

Halazon, G. C. and Buechner, H. K. 1956. Post-
conception ovulation in elk. - Transactions of
North American Wildlife Conference, 21: 545-554.

Harder, J. D. and Moorhead; D. L. 1980. Develop-
ment of Corpora Lutea and Plasma Progesterone
Levels Associated with the Onset of the Breeding
Season in White-tailed Deer (Odocoileus wvirginia-
nus). - Biology of Reproduction, 22: 185-191.

Harrison, R. J. and Weir, B. 1977. Structure of the
mammalian ovary. - In: Zuckerman, L. and Weir,
B. (Eds.). The Owvary, Vol. 1. B. Academic Press,
New York, 517 pp.

Horak, A. 1989. Histologische und histomorphomerris-
che Untersuchungen am Ouvarium des Rebes (Capreo-
lus capreolus, L.) und der zyklischen Verinderungen
seiner Funktionsstrukturen. Unpublished thesis, Jus-
tus-Liebig-Universitit, Giessen, 146 pp.

Haagenrud, H. and Markgren, G. 1974. The Ti-
ming of Estrus in Moose (Alces alces L.) in a Dis-
trict of Norway. - Procedings of the XIth IUGB
Congress, Stockholm, 71-78.

Kroning, F. and Vorreyer, F. 1957. Untersuchungen
{iber Vermehrungsraten und Kérpergewichte beim
weiblichen Rotwild. - Zeitschrift fiir Jagdwissen-
schaft 3 (4): 145-153,

Langvatn, R. 1986. Size and weight relationships in
Norwegian red deer (Cervus elaphus  atlanticus,
Lonnberg). - In: S. Linn (ed.), Rotwild - Cerf rouge
- Red deer, CI1.C. conference, Graz, Austria, 499

PP-

66

Langvatn, R. 1990. Hjorten. - In: A. Semb-Johans-
son (ed.) Norges Dyr. Bb. 2. J. W. Cappelens Forlag
A/S, Oslo, 78-100.

Langvatn, R. 1992. Analysis of ovaries in studies of
reproduction in red deer (Cervus elaphus, L.): Appli-
cation and limitations. - Rangifer, 12 (2): 67-91.
Langvatn, R. and Albon, S. D. 1986. Geographic
clines in body weight of Norwegian red deer: a no-
vel explanation of Bergmann’s rule? - Holarctic
Ecology, 9: 285-293.

Leader-Williams, N. and Rosser, A. 1983. Ovarian
characteristics and reproductive performance of
reindeer (Rangifer tarandus). - Journal of Reproduc-
tion and Fertility, 67: 247-256.

Lowe, V. P. W. 1969. Population dynamics of the
red deer (Cervus elaphus L.) on Rhum. - Journal of
Animal Ecology, 38 (2): 425-457.

Markgren, G. 1969. Reproduction of moose in Swe-
den. - Viltrevy, 6 (3): 127-299.

McDonald, L. E. 1975. Veterinary Endocrinology and
Reproduction. Lea and Febiger. Philadelphia, 493

pp-

Mitcheli, B. 1973. The reproductive performance of
wild Scottish red deer, Cervas elaphus. - Journal of
Reproduction and Fertiliry, Supplement, 19: 271-
285.

Mitchell, B. and Youngson, R. W. 1969. Teeth and
age in Scottish red deer - a practical guide to the
determination of age. - Red deer Commission An-
nual Report 1968. HM.S.0.

Morrison, J. A. 1960. Ovarian characteristics in elk
of known breeding history. - Journal of Wildlife
Management, 24 (3): 297-307.

Nalbandov, A. V. 1976. Reproductive Physiology of
Mammals and Birds. W. H. Freeman and Compa-
ny, San Francisco, 334 pp.

Reimers, E. and Nordby, &. 1968. Relationship be-
tween age and tooth cementum layers in Norwe-
gian reindeer. - Journal of Wildlife Management, 32
(4): 957-961.

Strandgaard, H. 1972. An investigation of Corpora
lutea, Embryonic Development, and Time of Birth
in Roe Deer (Capreolus capreolus) in Denmark. —
Danish Review of Game Biology 6 (7): 1-22.

Thomas, D. C. 1983. Age-specific fertility of female
columbian black-tailed deer. ~ Journal of Wildlife
Management, 47 (2): 501-506.

Trauger, D. L. and Haugen, A. O. 1965. Corpora
lutea variations of white-tailed deer. ~ Journal of
Wildlife Management, 29 (3): 487-492.

Valentincic, S. I. 1958. Beitrag zur Kenntnis der Re-
produktionserscheinungen beim Rotwild. - Zeitsch-
rift fiir Jagdwissenschafi, 4 (3): 105-130.

Wegge, P. 1975. Reproduction and early calf growth
and mortality in Norwegian red deer. - Journal of
Wildlife Management, 39 (1): 92-100.

Manuscript accepted 27 April, 1992
Rangifer, 12 (2), 1992



