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Knowledge about the mechanisms of embryonic diapause in European roe deer
Capreolus capreolus (Linnaeus, 1758), although first described 140 years ago, is not
extensive. In contrast to post mortem publications, this is an in-vivo study which
monitored individual ovarian and uterine dynamies during diapause by transrectal
ultrasonography. Ten roe deer were examined at 4 to 6-week intervals starting from the
end of the breeding season (August) until after implantation (January). Sonographic
appearance of corpora lutea and their average number observed per animal did not
differ between pregnant (3.6) and non-pregnant (3.2) does prior to implantation.
However, in pregnant animals (n = 5) endometrial changes associated with embryonic
diapause were identified. The endometrium in pregnant does were low in echogenicity
compared to the non-pregnant. Changes in echogenicity of the endometrium were first
detected three months before implantation. Observed endometrial changes were
quantified by computer-assisted grey scale analysis. Mean medians of grey scale
histograms were lower in pregnant compared to non-pregnant animals beginning as
from October. In late December and January, embryonic structures were detected in
animals in which a low echogenic endometrium had been observed earlier. Ultrasono-
graphy and grey scale analysis characterised efficiently the dynamic processes in the
uterus and ovary during embryonic diapause in pregnant and non-pregnant roe deer.
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Introduction

Embryonic diapause has been described in more than 115 species of seven
mammalian orders (Marsupialia, Insectivora, Chiroptera, Edentata, Carnivora,
Rodentia and Artiodactyla) (Mead 1993, Hermes 1998). Roe deer Capreolus
capreolus (Linnaeus, 1758) is the only artiodactyl species that has developed the
obligatory embryonic diapause as an reproductive strategy, which was discovered
over 140 years ago (Ziegler 1843, Bischoff 1854, Short and Hay 1966). The
monoestrous roe deer breeds from mid-July to early August. Conception is followed
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by a five month period of delayed implantation. Blastocyst development during this
period is not fully inhibited, but extremely retarded. Implantation occurs at the end
of this period in late December. Fawns are born from late April until early June, at a
time when in Eurasia nutritional needs for lactation are best met by lush new
vegetation.

During the period of embryonic diapause, both pregnant and non-pregnant does
develop corpora lutea (CL) that do not differ in size or micro-structure (Aitken ¢t al.
1973, Horak 1989). Initial progesterone concentrations in pregnant and aon-
-pregnant does are similar and increase in pregnant deer only following implantztion
in mid-January (Aitken 1974, Hoffmann et al. 1978, Sempéré et al. 1989). Morpho-
logical studies of the uterus described uterine stromal tissue becoming oedematous
during mating and subsiding shortly thereafter. The epithelium of the uterus
decreases in height throughout the period of delayed implantation. The elongztion
of the trophoblast at the end of diapause appears to be correlated with the secretion
of accumulated secretory vesicles of the epithelial cells of the endometrium (Kzibel
1902, Hamilton et al. 1960, Short and Hay 1966, Aitken ef al. 1973). To date, all
morphological studies of the roe deer ovaries and uteri have used post-mortem
material. While valuable information has been gained, this approach is not able to
evaluate dynamic changes that occur during embryonic diapause.

Objective of this sonographic study was to monitor ovarian and uterine mompho-
logical changes during embryonic diapause in roe deer with different pregmancy
status. Regular transrectal ultrasonographic examinations were to answer if
number, sonographic appearance and dynamic of individual CL changes throughout
diapause and if these characteristics are related to the pregnancy status of the
female. Can structural changes of the endometrium during embryonic diapause in
pregnant does (Aitken 1974) be identified by transrectal ultrasound anil do
endometrial changes also occur in non-pregnant does during this period?

Material and methods

Animals

Ten adult female roe deer housed at the field research station of the Institute for Zoo Biology and
Wildlife Research at Niederfinow, Germany (52°44’N, 13°50’E) and in Czempin, Poland (5!°8’N,
16°52’E) were examined by transrectal ultrasound. Animals at Niederfinow (wild born) were howed in
2 groups of 4 individuals each in 1000 to 2000 m’ enclosures. Two animals housed in Czempir were
managed individually and were hand-reared. Out of 10 animals, only 5 had access to a male duriig the
breeding season, 4 in Niederfinow, 1 in Czempin. Investigations commenced at the end of breding
season in August and were continued at 4 to 6 weeks intervals throughout the time of embyonic
diapause, until the end January of the following year.

All animals were anaesthetised [2.0 mg/kg xylazine hydrochloride (Rompun, Bayer, Germany plus
4.0 mg/kg ketamine hydrochloride (Ketamin, Albrecht, Germany)] via i.m. injection using a blow pipe.
To reduce the interval between darting and recumbency, 150 1.U. hyaluronidase (Hylase®, Imfstof-
fwerk Desssau, Germany) was added. To ensure acoustic coupling of the transrectally inerted
ultrasound probe, an enema was given prior to each examination. After the 10-15 min tranvectal
ultrasound examination, the xylazine effect of the anaesthesia was reversed by i.v. injectionof 0.3
mg/kg yohimbine (Caleo, Germany).
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Ultrasonography

Prior to the presented in vivo examinations 17 urogenital tracts were examined post-mortem in
situ and ex situ by transrectal ultrasound. The topographical position of the genital organs in relation
to the rectally inserted ultrasound probe was determined. A special scan head adapter was designed to
ensure optimal transrectal sonographic imaging. To further validate sonographic findings 34 uteri and
30 ovaries were isolated and examined by ultrasound in a water bath. The sonographic texture of the
uterus, the ovarian parenchyma, corpus luteum and follicles in roe deer was identified and later
confirmed by morphological preparation (Fig. 1).

A portable ultrasound machine (CS 9100, Physia, Neu-Isenburg, Germany) was used for the
examinations, equipped with a small, curved, linear array 7.5 MHz transducer designed for endo-
-sonographic applications. Since manual rectal manipulation of an ultrasound probe is not possible in
the roe deer due to its small anatomical dimensions, a special scan-head-extension was designed into
which the transducer was placed (Fa. Schnorrenberg, Berlin, Germany) (Fig. 1). The angled extension
tip guaranteed optimal contact of the transducer’s array surface to the rectal wall and therefore
ensured ideal sonographic imaging of the entire genital tract. For retrospective analysis, all ultrasound
examinations were recorded with a video-camera (9100 SVO-P, Sony) on S-VHS videotape (S-VHS Pro
SE-240 N, Fuji). Structural measurements were first made during the examination using a caliper
system integrated into the ultrasound machine, and more precisely, in retrospective analysis from
recorded videotapes using an image analysing program (analySIS PRO 2.10.100, Soft-Imaging System
GmbH, Miinster, Germany). With regard to the computer-assisted grey scale analysis of selected

Fig. 1. Preliminary sonomorphologic study. (1) and (2) Post mortem sonograms of the ovary in the
water bath. (1) Ovary with two medium echogenic corpora lutea (CL). (2) Anechoic follicle (fo)
surrounded by ovary parenchyma. (3) Post mortem preparation of the female genital tract. The arrow
indicates the cross section of the ovary. (4) Ultrasound probe adapters. Adapter length, diameter and
tip angle were designed for optimised transrectal sonographic imaging in roe deer and other medium
sized mammals.
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sonograms, ultrasound machine settings such as dynamic range (1 dB), enhancement (2), gain (35),
focus (1-2), magnification (50 mm) and gamma correction (1) were kept constant throughout the
study. The systematic examination of the vagina, cervix, uterus and ovaries included the exact
positioning of the imaged organ within the focus zone 1-2 and the vertical centreline of the sonogram.

Grey scale analysis

For retrospective grey scale analysis of endometrial changes throughout the investigation, single
video frames were digitised. Digitised sonograms were saved to external, removable cartridges
(105MB/270MB, SyQuest Technology, Inc., Fremont, USA) for repeated analysis. The image analysing
software (analySIS PRO 2.10.100, Soft-Imaging System GmbH, Miinster, Germany) was configured to
a monochrome signal of 0-255 grey scales and 8 bit. Three sonograms of the uterus were digitised per
animal at each examination. The position of the uterus within the sonogram was standardised in the
focus zone 1-2 and the vertical centreline when digitised. This standard position of the uterus in the
sonogram prevented influences on the echotexture of the endometrium which are caused by deviation
from that position. The grey scale distribution of the endometrium was analysed by the placement of a
region of interest (ROI) into the endometrium. The small size of the ROI (16 » 16 pixels) and its exact
placement by the examiner ensured that myometrial and perimetrial tissue was excluded from the
analysis. Placement of the ROI and subsequent analysis of endometrial grey scale distribution was
performed on nine different locations of the uterine sonogram per examined animal per day. A median
(+ SEM) was calculated for the 9 grey scale histograms. From these medians a mean median (+ SEM)
of grey scale histograms was calculated. Standardised settings of the ultrasound machine and exact
positioning of the uterus in the focus zone 1-2 of the ultrasound beam ensured the comparability of
uterine images of different roe deer throughout the period of examination.

Results

Adapted transrectal ultrasonography characterised changes in morphology of
the ovaries and uterus of roe deer starting in August until visualisation of
embryonic structures in pregnant deer in January (Figs 2, 3, 4, 5).

Ovaries

The ovaries were repeatedly imaged in all roe deer and characterised as
spherical structures with dimensions of 12 + 5 mm x 8 + 4 mm (Figs 1 and 2) The
topographic position of the ovaries varied from cranio-dorsal of the uterine
curvatura major and caudo-ventral of the uterine curvatura minor at a distarce of
10-30 mm from the rectal wall. Depending on the stage of the oestrous cycle,
ovaries were characterised by a low to medium echogenic uniform parenchymal
texture, expressing lower echogenic texture in August. The development of
individual CL was monitored throughout the period of embryonic diapause in
individual does of different pregnancy status (Fig. 3). Follicles were distingushed
from the parenchyma as anechogenic round structures (Figs 1 and 2). The lacgest
pre-ovulatory follicle observed was 4 mm in diameter. After ovulation round-oval
shaped CL were detected where large antral follicles previously had been imaged.
In September, shortly after the breeding period, CL. were characterised by an
echogenic margin and an anechogenic centre. The fully luteinised CL appeared low
echogenic in comparison to the ovarian parenchyma. In contrast to anechogenic
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Fig. 2. Ultrasonographic images of ovaries during breeding season and embryonic diapause in roe deer:
(1) Shortly before oestrous: anechogenic pre-ovulatory follicles (fo). Note high echogenic borderlines of
the follicles. Intestinal loop (in) is located cranial to the ovary. (2) In September: corpus luteum («)
with echogenic margins and a still non-echogenic center. (3) and (4) From October corpora lutea
appeared homogeneous without formation of margins («). CL in a pregnant (3) and a non-pregnant (4)
roe deer showed no differences in texture during embryonic diapause. Note that a similar texture of
the uterine horn (uh) in (3) and (4) was carefully distinguished from the ovarian parenchyma.

large antral follicles, low echogenic CL did not show proximal and distal high
echogenic lines caused from high impedance differences (Fig. 2).

CL in pregnant and non-pregnant deer did not show any difference in texture or
cross-sectional diameter throughout the period of embryonic diapause (Table 1,
Figs 2 and 3). Cross-sectional CL diameters ranged from 2.0 to 7.3 mm over the
period of the study. Repeated imaging of individual CL showed variations in the
cross-sectional diameter of up to 4 mm throughout the time of delayed im-
plantation, changing on average 1.5 mm (n = 32). Of all individual CL. monitored
throughout diapause (n = 34), 68% exhibited maximum diameters in November/
December independent from the pregnancy status. At the same time particular CL
(16%) were observed which had undergone regression while other CL of the same
ovary remained unchanged in echogenicity. Regressive CL, which were char-
acterised by increased echogenicity and decreased diameter, were detected at
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Table 1. Ovarian dynamics in roe deer during diapause. * pre-ovulatory follicles before oestrous
> 4 mm.

Ovarian parameters Pregnant deer (n = 5) Non-pregnant deer (n = 5)
Number of CL observed 18 16

Number of CL per animal 3.6 32

Range of CL per animal 2-6 2-4

Range of diameter in CL 2.0-6.9 mm 2.8- 7.3 mm
Average change of diameter in individual CL 1.4 mm 1.3 mm

Month of maximum CL diameter November/December November/December
Number of regressive CL 3 2

Month when CL regression occurred December/January December/January
Largest follicle observed during diapause 3 mm” 3 mm"*

the end of delayed implantation period in both pregnant and non-pregnant does
(Fig. 3).

The development of antral follicles during the period of diapause was noted in
both pregnant and non-pregnant does but was observed not to exceed a size of
3 mm. No ovulation or development of additional CL was observed in any of the
animals between September and January. The number of 1.4 implanted embryos
per animal (range 1-2) in January did not correlate with the detected number of 3.2
CL per animal (range 2-4) before implantation.

Uterus

Utilizing ultrasound, it was possible to visualise the entire uterus and to identify
the different uterine wall components: perimetrium, myometrium and endometrium
(Fig. 3). The perimetrium had a high echogenic line that clearly distinguished the
outline of the uterine body and uterine horns from surrounding tissues and organs.
The endometrium appeared as a central layer surrounded by the uniform and low
echogenic myometrium.

The sonographic appearance of the endometrium in pregnant does changed
throughout embryonic diapause. In August/September, the first two months of
diapause, the medium echogenic echotexture of the endometrium did not differ
between pregnant and non-pregnant roe deer. Attached endometrial layers in the
centre of the longitudinal uterine sonogram were marked by a thin, high echogenic
line. From October to the end of embryonic diapause, sonographic evidence of
endometrial changes was found in all pregnant animals (n = 5) (Fig. 4). The
echogenicity of the endometrium in pregnant animals was decreasing in comparison
with non-pregnant animals. Free uterine fluid was not detected in either pregnant
or non-pregnant animals. Pregnancies that were diagnosed in the embryonic
diapause were all confirmed in late December and January by documentation of
rapid embryonic development (Fig. 5). Initially, in late December, the elongated,
fluid-filled trophoblast and the embryonic yolk sac (1-2 mm) were detected. Only
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Fig. 3. Schematic ovarian dynamic of one non-pregnant (no. 2) and one pregnant (no. 9) roe deer.
Pre-ovulatory follicles were detected in late rutting season. Individual corpora lutea were consistently
imaged throughout diapause. Regression of individual corpus luteum was monitored in the pregnant
and the non-pregnant doe only at the end of the diapause period in November/December.
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Fig. 4. Sonograms of the uterus (<) and grey scale analysis of the endometrium in a non-pregnant (1)
and a pregnant (2) roe deer in December. The endometrium (¢«-) of the non-pregnant animal was
medium echogenic compared with the endometrium of the pregnant which was characterised by a low
echogenic band in the centre of the longitudinal sonogram. Grey scale histograms from the region of
interest () placed in the endometrium showed that darker grey scales dominated in the endometrium
of the pregnant compared with a wider range of brighter grey scales in the non-pregnant animal.
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Fig. 5. Sonograms of embryonic development in roe deer following embryonic diapause: (1) The
elongation of the trophoblast at the end of diapause was characterized in the sonogram by the
chorio-allantoic vesicle («). (2) Sonogram of a high echogenic yolk sac («). (3) Further developed
embryo with the umbilical cord («). (4) Twin pregnancy.

10 days later, in the second week of January, embryos had a crown-rump-length of
8 and 8.5 mm. The crown-rump-length in the last week of January averaged 29.1 =
5.8 mm (n = 7).

Grey scale analysis

Quantification of endometrial texture by grey scale analysis characterised
changes in pregnant and non-pregnant roe deer during embryonic diapause (Table
2, Figs 4 and 6). In August and September, mean medians of grey scale histograms
from the endometrium in non-pregnant and pregnant roe deer were not different.
In October, November and December mean medians of grey scale histograms were
significantly lower in pregnant animals (n = 5) than in non-pregnant (Fig. 6). The
grey scale values of the endometrium in pregnant animals in September however,
were similar to those of pregnant animals in the following months. During the
entire period of diapause mean medians of grey scale histograms in non-pregnant
animals did not fall below 60.8 (September), whereas mean medians in pregnant
animals as from September did not exceed the value of 52.9 (October). The
characterised changes of the endometrium during diapause in pregnant roe deer
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Fig. 6. Mean (+ SEM) medians from the grey scale analysis of the endometrium in non- pregnant ()
and pregnant (M) roe deer during the period of embryonic diapause. Numbers at the hottom of bars
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Fig. 7. Diagnostic tools for monitoring pregnancy in roe deer.
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were first detectable signs of pregnancy, which allowed the identification of
pregnant does three months before the implantation of the trophoblast (Fig. 7).

Discussion

Ultrasonography is wildly used in several cervids for control of ovarian function,
pregnancy detection and foetometry (Mulley et al. 1987, Bingham et al. 1990,
Wilson and Bingham 1990, Revol and Wilson 1991, Lenz et al. 1993, Gizejewski et al.
1993, Hermes et al. 1996). In roe deer ultrasonography has previously been used to
image embryonic structures in mid-January concurrent with the rise of progesterone
levels after implantation (Sempéré et al. 1989). Previous studies showed the utility
of using transrectal ultrasonography to visualise the reproductive tract in roe deer
(Goritz et al. 1995, Hildebrandt et al. 1995). In these studies an optimised ultra-
sound technique combined with grey scale analysis clearly, and more objectively,
documented changes in ovarian activity and the endometrium throughout the
period of embryonic diapause.

Differing from other species in which an obligate embryonic diapause has been
observed (Mustelidae: Mead 1989, Ursidae: Foresman and Daniel 1983, Pinnipedia:
Boschier 1981), both pregnant and non-pregnant roe deer form CL that mainly
contain large, plasma-rich granulosa-lutein cells (Short and Hay 1966, Aitken et al.
1973, Horak 1989). Thus corresponding to the CL histomorphology, the sono-
graphic appearance of the CL in roe deer was low in echogenicity. Average number
of CL per animal and sonographic characterisation of individual CL regression
confirm earlier reports which have found no correlation between the number of CLi
and the number of implanted embryos in roe deer (Borg 1970, Horak 1989).
Further in-vivo investigations will have to clarify whether embryonic death, as
reported in sheep (Kaulfuss 1996), contributes to the miss correlation of CL
numbers and numbers of implanted embryos in the roe deer. Thus in agreement
with Borg (1970) and Horak (1989) it is concluded that CL counts from deceased
animals cannot be used as a realistic basis for predicting population growth or
recruitment rate in roe deer. Bettmann (1961) and more recently Stubbe (1997)
have postulated a second mating period in November/December in roe deer which
have not conceived in July/August, consequently defining the roe deer as dicestric
and its obligate diapause as optional. These observations could not be supported by
the present sonographic results: CL monitored in non-pregnant does in August
were present throughout the entire diapause period. The regression of single CL
was detected independent from the pregnancy status in November and December.
Follicular development documented in pregnant and non-pregnant animals curing
diapause was not observed to exceed the size of pre-ovulatory follicles detected at
the end of rutting season. This data supports that the roe deer is a sirietly
monoestrous species in which non-pregnant animals exhibit anoestrous during the
period of delayed implantation. Since a development of additional CL wes not
observed either before or shortly after implantation, the reported progesterore rise
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after implantation (Hoffmann et al. 1978) is likely to originate in the placenta. This
would be in contrast to the phylogenetically related red deer (Cervus elaphus)
(Adam et al. 1985), where accessory CL are responsible for the rise in progesterone
after implantation.

Although there were no differences in sonographic morphology of CL throughout
embryonic diapause, morphological changes of the endometrium could be detected
in pregnant animals only when compared with non-pregnant animals. The low
echogenic appearance of the endometrium in the sonogram correlated with ultra-
structural studies that described an accumulation of secretory vesicles in the
epithelial cells of the endometrium during diapause (Aitken et al. 1973). The
observed low echogenic endometrium in pregnant does was clearly differentiated
from free uterine fluid. Since the uterine horns in roe deer are coiled similar to
those in small ruminants, free uterine fluid would mainly have gathered in the
ventral aspects of the uterine horns. Moreover, free uterine fluid would have been
characterised by anechogenicity, high echogenic lines on the luminal-epithelial
borders and inconsistency in lumen diameter upon manipulation of the uterus. The
increase of darker grey scales in the texture of the endometrium of pregnant
animals three months before implantation, however, was hardly visible for the
examiner. The limited ability of the human eye to distinguish different grey levels
(16-25) and to process visual information at a high speed explains that slight
changes of echotexture in sonographic images can barely be recognised by the
ultrasound examiner (Lieback-Zimmermann 1993). To overcome this limitation,
grey scale analysis was developed and established in human cardiology, internal
medicine, gynaecology and obstetrics. The objective assessment of sonographic
changes in soft tissues is used for tumour characterisation in the thyroid gland, and
mammary gland, for evaluating placental or foetal lung maturity, and for non-
-invasive diagnosis of cardiac rejection following heart transplantation (Morris
1988, Hirning et al. 1989, Sohn et al. 1992, Garra et al. 1993, Lieback ef al. 1994). In
this regard, grey scale distribution of the endometrium in roe deer of differing
pregnancy status was quantifiable throughout embryonic diapause. One-dimen-
sional grey scale analysis, used in humans to characterise changes in echocardio-
grams (Skorton et al. 1983, Fraker et al. 1988, Tak et al. 1988), was successfully
used in this study to enhance the examiners limited visual capabilities. Mean
medians from grey scale histograms of the roe deer endometrium were consistently
low in pregnant animals, starting in September. Yet in September, differences of
mean medians in pregnant and non-pregnant animals were not significant. The
sonographic results indicate however that a combination of ultrasonography and
grey scale analysis enables pregnancy diagnosis in roe deer 3 months before
implantation, ie long before the elongation of the chorio-allantois vesicle is
detectable in late December. Increased activity of the endometrial glands before
implantation in pregnant roe deer as presented here and previously reported in an
ultrastructural study (Aitken et al. 1973) indicates that the presence of an embryo
induces initial maternal response. In the presented data, this endometrial response



570 R. Hermes ef al.

to conception was not found in non-pregnant animals. Although the embryo is
responsible for a maternal response, the question whether the embryo or the
female regulate the duration of diapause remains unanswered. The visualisation of
embryonic structures in January proved the accuracy of sonographic pregnancy
diagnosis during diapause in roe deer. During embryonic diapause in roe deer
endometrial protein secretion and DNA-synthesis of the trophoblast cells remains
low (Lengwinat and Meyer 1996, Lambert et al. 1998). Embryonic structures can
not be detected by transcutaneous ultrasound before January (Sempéré et al.
1989), and progesterone- and oestrogen-levels rise only after implantation in
January (Hoffmann et al. 1978). Ultrasonography combined with grey scale
analysis described morphological changes of the pregnant uterus non-invasively, at
a time pregnant and non-pregnant roe deer can not be distinguished by any other
parameter. When integrated into future experimental investigations, transrectal
ultrasonography, provides new opportunities to study in-vivo modifications during
embryonic diapause.
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