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Summary. Preserved reproductive tracts of eleven species of elephant-
shrew were examined histologically and experiments were performed
upon captive animals. Recently formed cl were found to be everted out of
the surface of the ovary. Ovulation rates, estimated from cl counts,
were found to be very high in some species but low in others. Ovulation
was induced in one species by administration of a pituitary extract. With
the exception of one species, the litter sizes never exceeded two and
implantation appeared to be restricted to two localized sites in the
uterus. A median uterus functionally replaced the vagina in elephant-
shrews. These findings are discussed in relation to previous studies of these
and other mammals.

INTRODUCTION
The elephant-shrews, family Macroscelididae, have been classified in the order
Insectívora (Simpson, 1945), but it has been suggested that they be placed in
a separate order, the Macroscelidea (Butler, 1956). This view is supported by
Patterson (1965), who has reviewed the phylogenetic position of the family in
the light of their fossil forms. The family Macroscelididae is confined to the
continent of Africa and according to Corbet & Hanks (1968) consists of four
genera and fourteen species.

The literature on the reproduction of elephant-shrews consists almost
entirely of a series of thirty-five papers by Van der Horst, Gillman and their
students, published between 1940 and 1954. These studies were based upon
the histology of the female reproductive organs of specimens of Elephantulus
myurus which had been caught in the wild. Since these papers have been reviewed
fully elsewhere (Tripp, 1970) only those findings that are relevant to this paper
are mentioned below.

It was reported in E. myurus that the zonae pellucidae were shed from the ova at
the time of ovulation and that the corpora lutea (cl) formed by evertion out
of the surface of the ovary (Van der Horst & Gillman, 1940b). It was claimed
that, in this species, an average of 120 ova were released at each ovulation and
yet not more than two young were born in a litter (Van der Horst & Gillman,
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1941). Many of the ova were fertilized and cleaved to form four-cell embryos,
but only two embryos were able to develop further and attach at the restricted
implantation sites, one at the caudal end of each uterine horn (Van der Horst &
Gillman, 1942). Of five other species that were examined, only E. edwardi and
Macroscelides proboscideus showed evidence of polyovulation (Van der Horst,
1944). It was noted that ovulation post partum occurred frequently in E. myurus
(Van der Horst, 1951). Histological study of the reproductive tract of this
species revealed that a true vagina was absent. It was functionally replaced by a

median extension of the uterus (Van der Horst, 1942).
The intention of the present study was to check these reported observations

and extend them to a greater number of species. Experiments were performed
in the hope of finding a physiological explanation for the variations in the mean

ovulation rates reported for different species of elephant-shrew.

MATERIALS AND METHODS
Sources of animals and materials

Live specimens of E. myurus were caught near Johannesburg, South Africa,
during the early part of the breeding season which extends fromJuly to January.
Specimens of E. intufi were caught in north eastern Transvaal, Petrodromus
tetradactylus were caught in northern Natal and live E. rozeti were obtained from
Morocco. All live animals were sent by air freight to England.

Preserved material of these and seven other species {E. rufescens, E. brachy-
rhynchus, E. fuscipes, E. rupestris, E. edwardi, M. proboscideus and Rhynchocyon
petersi) was obtained from various sources. In addition, the histological material
of the late C. J. Van der Horst was studied in Johannesburg.
Maintenance of animals and procedures

Animals were normally housed as pairs in floor-pens (3 ft  3 ft  15 in. high)
and in cages (24 in.  15 in.  10 in. high) with wooden floors. Nest boxes and
trays of sand were provided. They were fed a mixed diet of live insects (locusts
and mealworms), fruit and vegetables. Room temperature was kept between
20° and 23°C. Artificial light was regulated between 10^ and 14 hr/day.

Reproductive organs were dissected from dead specimens and were fixed
either in Bouin's fluid or in 5% formol-saline and selected tissues were pro¬
cessed routinely for histological examination. Serial sections were cut at 5 µ  
and stained with Harris's haematoxylin and eosin. The follicles and the cl
were measured in two dimensions with an eyepiece micrometer and were
counted from serial sections, scanned with the low power (  30) of a microscope.

A micrometer syringe was used to deliver 10 µ of a solution of 17/?-oestradiol
in distilled water into the genital opening of five E. myurus and three laboratory
mice. Saline lavage smears were taken from eight E. myurus for 2 months and
one for 5 months and stained with Harris's haematoxylin and eosin. For the
experimental induction of ovulation, solutions of pmsg (Gestyl, Organon) and
hgg (Pregnyl, Organon) were made up in sterile, distilled water and injected
subcutaneously. An extract of gelding pituitary glands (AP70B) dissolved in
sterile, distilled water of pH 7-2 to 7-4 was also injected subcutaneously after
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being adjusted to neutrality. This was the same preparation as that used by
Rowlands & Williams (1941) to cause superovulation in immature rats. The
extract was re-assayed in immature rats and was found to have retained its
potency (Tripp, 1970). All doses of AP70B were divided equally over a period
of 5 days and, unless otherwise stated, the animals were killed on the 6th day for
histological evaluation of the treatment. Details of dosage are given in the results
section.

RESULTS
The ovaries

The ovaries of all the species of elephant-shrew examined were completely
enclosed within a capsule lined by columnar epithelium. In E. myurus, this
capsule has been identified as part of the infundibulum tubae (Van der Horst,
1942).

An E. myurus (EM 28) which died within 24 hr of parturition showed pre-
ovulatory changes in many of the larger follicles (diameter 300 to 350 /im).
The membrana granulosa was showing early signs of luteinization and was

so expanded as almost to obliterate the antrum (PI. 1, Fig. 1), but the theca
interna did not show the signs of hypertrophy observed before ovulation by
Van der Horst & Gillman (1940b).

A specimen of E. myurus (EM 73) which died 4 days post partum had just
ovulated and the ova were in the cranial end of the Fallopian tube. The freshly
formed cl of this specimen were everted out of the surface of the ovary, being
attached by only a narrow stalk. Specimens of E. rozeti, E. intufi and P. tetra-
dactylus that had died, or had been killed shortly after ovulation also showed
eversión of the cl (PI. 1, Figs. 2 to 4). An E. myurus (EM 26) that died 11 days
post partum showed signs of having had an infertile ovulation and the cl were

spherical bodies lying within the ovary.
It was observed that the zona pellucida was distorted or destroyed in those

specimens fixed in Bouin's fluid (PI. 1, Fig. 1), but remained intact until after
ovulation in those specimens fixed in 5 % formol-saline. In a specimen of E.
rozeti (ERz 11), an intact zona was present on a four-cell stage embryo (PI.
2, Fig. 5).

Sizes of cl in specimens from early pregnancy are recorded in Table 1 for all
the species studied. For those species for which specimens at a suitable stage
were lacking, a figure was estimated from specimens in later stages in pregnancy.
It was noted that the sizes of cl tended to be related inversely to the mean cl
counts of the species studied.

Ovulation rates
In Van der Horst's histological material, the numbers of cl were counted as

an estimate of the ovulation rate of E. myurus. Since only the left ovary of the
majority of the specimens had been sectioned, the cl were first counted in a

sample often specimens for which both ovaries had been sectioned. The mean
number (50-4) in the right ovary was not significantly different (P>0-4) from
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that (52-6) of the left, by the t test. The cl counts of the left ovaries of the
remaining specimens were then taken to represent one-half of their total ovula¬
tion rates.
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Text-fig. 1. Frequency distribution of numbers of cl per ovary in a sample of fifty
pregnant E. myurus.

The mean number of cl (49-2) in the left ovaries of ten specimens with
embryos at the blastocyst stage was not significantly different (P>0-8) from
that (48-1) of another ten specimens in late pregnancy (embryos with crown-

rump lengths 27 to 35 mm). This confirmed that the large numbers ofcl were

formed by ovulation and were not added to during pregnancy. Corpora lutea
counts from the ovaries of fifty pregnant E. myurus were then pooled and the
mean number calculated to be 49-0 per ovary (S.D. = 14-2). The range of
values in this sample was from twenty-five to eighty-nine cl per ovary. The
frequency distribution, tested by the method of Chambers (1952) was found to
be normal (see Text-fig. 1).

The mean cl counts of all the other species studied are recorded in Table 1
and are represented in Text-fig. 2. For each of the species, E. intufi, E. rozeti, E.
rufescens, E. brachyrhynchus and P. tetradactylus, more than six complete specimens
were available. No significant differences were found between the numbers of
cl in the right and left ovaries of these specimens. Samples of all the remaining
species were too small to allow firm conclusions to be drawn about their mean

EXPLANATION OF PLATE 1
Fig. 1. E. myurus (EM 28). Section through a preovulatory follicle in the ovary of a

specimen that died on the 1st day post partum. The membrana granulosa has expanded
and is showing early signs of luteinization. The zona pellucida is vacuolated as a result of
fixation in Bouin's fluid,  188.
Fio. 2. P. tetradactylus (PT 3). Section of ovary of a specimen that died shortly after
ovulation, showing an everted cl.  43.
Fig. 3. E. rozeti (ERz 11). Section of part of ovary of a specimen that was killed about 4
days after ovulation, showing an everted cl.  77.
Fig. 4. E. intufi (  11). Section of part of ovary of a specimen that died shortly after
ovulation, showing an everted cl.  62.
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Table 1

numbers and sizes of corpora lutea in eleven species of elephant-shrew

Species

R. petersi
P. tetradactylus
E. fuscipes
E. rupestris
E. rufescens
E. rozeti
E. intufi
E. brachyrhynchus
M. proboscideus
E. edwardi
E. myurus

No. of
ovaries in
which CL

were counted

2
18
2
2

13
23
29
16

2
3

50

No. ofCL/ovary
Mean

1-0
0-6
0-5
0-5
0-7
1-2
2-5
8-5

21-0
44-0
49-0

Range
Oto 2
Oto 2
Oto 1
Oto 1
Oto 2
0 to 3
Oto 8
Oto 23

31 to 55
25 to 89

S.D.

0-69

0-60
0-85
2-50
6-60

14-20

Mean diameter
of CL in

early
pregnancy (//m)

975
1150*
800
750*
750
730
585
550*
425
275
325f

* Estimates based upon specimens at later stages of pregnancy,
t From Van der Horst & Gillman (1946).

ovulation rates. Only three species of elephant-shrew {E. revoili, R. chrysopygus
and R. cirnei) were not represented in this part of the study.

w R.petersi
w P. tetradactylus
w E. fuscipes
w Erupestris
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Text-fig. 2. Mean and range of ovulation rates in eleven species of elephant-shrew.

Experimentally induced ovulation
In a series of pilot experiments, individual E. myurus were injected with

pmsg in doses ranging from 15 to 300 i.u. divided equally into three daily doses,

EXPLANATION OF PLATE 2
Fig. 5. E. rozeti (ERz 11). Section of a four-cell stage embryo in the uterus of a specimen
that was killed about 4 days after a fertile ovulation. The specimen was fixed in 5%
formol-saline and the zona pellucida is intact,  750.
Fig. 6. E. rozeti (ERz 15). Gross-section of uterus (pictured in PI. 2, Fig. 7) showing an
embryo in an early stage of implantation surrounded by decidua,  28.
Fig. 7. E. rozeti (ERz 15). Dorsal view of female reproductive tract in early pregnancy.
x2-4.
Fig. 8. E. myurus (EM 45). Ventral view of non-pregnant female reproductive tract.
x2-4.
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followed by a single dose of hcg (5 or 10 i.u.) on the 4th day and the animals
were killed on the 6th day for histological evaluation of treatment. Only one
fresh cl was found in one of the six animals so treated. Two more animals were

injected with 700 i.u. of pmsg divided over a period of 7 days; one of these
received a further dose of 100 i.u. of hcg and both animals were killed 2 days
after the last injection. There were no signs of ovulation although antral
follicles were present. In these and the following experiments, the exact
reproductive states of the animals at the start of the experiments was unknown,
but from their body weights they were not obviously pregnant.

All further attempts to induce ovulation involved the use of the gelding
pituitary extract (AP70B). The first E. myurus (EM 46) was given a dose of 50
mg and eighteen ovulations resulted, but the presence of many luteinized
follicles indicated that stimulation had been excessive. The next animal
(EM 24) was given 5 mg without effect. The third animal (EM 15) was given
15 mg and ninety fresh cl were counted in the ovaries. A further seven animals
were treated with 15 mg of AP70B and were killed at intervals up to 17 days
after treatment. The intention of the delay was to study the rate of regression of
the cl. Four of the eight animals treated with 15 mg of AP70B were judged to
have ovulated as a result of treatment, producing an average of forty-two ovula¬
tions per animal.

Two E. intufi were treated with 15 mg of AP70B and both were found to
have large cl, apparently from a previous ovulation. There were no antral
follicles and no ovulation was induced by the treatment. Of four E. rozeti which
were treated with 15 mg of AP70B, one animal had no cl and the other three
were judged to have ovulated before the experiment.
The reproductive tract

It was observed that the uterine horns of E. myurus joined to form a median
uterus which was slightly glandular and lined by a columnar epithelium. This
median uterus opened into a shallow urinogenital sinus. A cervix and true

vagina were absent. No regular variations in cell type were noticed in the
smears taken from this region of the tract and the cornified cells typical of
oestrus in most other mammals were seen only sporadically.

Intact E. myurus were used to observe the effect of exogenous oestrogen on

the smear obtained from the median uterus. Three applications of 0-1 µg of
17 jß-oestradiol were made into the lumen for 2 days. This treatment, which
produced a cornified vaginal smear in intact mice, was ineffective in E. myurus
and a ten-fold increase in dosage caused only an insignificant amount of corni-
fication.

The reproductive tracts of the six other species of Elephantulus (those listed in
Table 2), M. proboscideus and P. tetradactylus all presented essentially the same
anatomical appearance as that encountered in E. myurus (PI. 2, Fig. 8). But no

suitably preserved, complete reproductive tracts of E. fuscipes and M. pro¬
boscideus were available for histological examination of the median uterus. The
reproductive tract of P. tetradactylus was larger than those of the Elephantulus
species, in keeping with the greater body size of this species. The largest species
of elephant-shrew belong to the genus Rhynchocyon. In the only preserved tract of



Reproduction in elephant-shrews 155
R. petersi that was available, the uterine horns were short, stout bodies, as
described for R. cirnei (Peters, 1852). This is in contrast to the slender, tapering
uterine horns of all the other species studied. The size of the uterine horns
(5x10 mm at their widest point) was obviously accentuated by the early
pregnancy in each horn of this specimen.
Implantation

The author's material of E. myurus did not allow independent assessment of
uterine changes in early pregnancy, but specimens of all the other species
studied (except M. proboscideus) were examined during this period. Implantation
swellings were found only at the caudal end of the uterine horns (PI. 2, Fig.
7). Implantation was mesometrial and accompanied by an extensive decidual
reaction which became surrounded by enormously expanded uterine glands
(PI. 2, Fig. 6). The embryo counts for all stages of pregnancy are presented in
Table 2. With the exception ofE. rozeti, no species was found to carry more than

Table 2
embryo counts in nine species of

elephant-shrew

Species

R. petersi
P. tetradactylus
E. fustipes
E. rufescens
E. rozeti
E. intufi
E. brachyrhynchus
E. edwardi
E. myurus

Frequency of total
embryo count

12 3 4

1
6
1
4 3
1 21 12
4 2
1 4

1
2

two implanted embryos; this is in accordance with previous observations
(Shortridge, 1934; de Lange, 1949; Brown, 1964). Litters ofup to four advanced
foetuses (25 mm crown-rump length) were found in E. rozeti, but there were
never more than two embryos in a single uterine horn. In the only specimen
(ERz 31) with two early embryos in the same horn, the two blastocysts were

spaced 3-3 mm apart, as measured through serial sections. Some of the embryo
counts for E. rozeti given in Table 2 were taken from the unpublished catalogue
of the Hubrecht Collection and were not based upon the author's own observa¬
tions.

DISCUSSION
The present study confirms the observation of Van der Horst (1942) that a

true vagina is absent in E. myurus. Since a similar condition was found in six
other species examined, it is likely that it is characteristic of the entire family. A
similar condition has been reported in a number of other mammals, but the
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anatomical interpretations tend to be controversial. The armadillos are with¬
out a cervix and vagina (Altmann, 1924; Newfang, 1947), but the status of this
portion of the reproductive tract is more controversial in the hippopotamus
(Chapman, 1881; Laws & Clough, 1966), sloth, anteater (Wislocki, 1928;
Becher, 1930) and the rabbit (Langenbacher, 1882; Baxter, 1933). Local
administration of oestrogens and the examination of smears confirmed that the
median uterus of elephant-shrews is physiologically unlike the typical mam¬

malian vagina. The inability to detect oestrus in elephant-shrews by the vaginal
smear technique has proved to be a serious handicap to the laboratory study of
these animals.

The occurrence of ovulation in E. myurus before the 4th day post partum con¬
firmed the observation of Van der Horst (1951). The eversión of freshly formed
cl seen in this species confirmed the report of Van der Horst & Gillman
(1940b). Similarly everted cl were observed for the first time in the three other
species for which there was suitable material. Since its occurrence was not related
to the mean ovulation rates of the species concerned, it may be characteristic of
the family Macroscelididae. This feature has also been reported as a regular
occurrence in two species of tenrec, Hemicentetes semispinosus and Setifer {Ericulus)
setosus (Strauss, 1939) and in the shrew, Suncus murinus (Dryden, 1969).

The observed persistence of the zona pellucida after ovulation in those
specimens fixed in formol-saline suggests that the claim that it was shed at
ovulation (Van der Horst & Gillman, 1940b) was based upon an artifact due to
fixation in Bouin's fluid.

The author's observations confirm those of Van der Horst (1944) in so far as
marked differences were found between the mean ovulation rates ofsome species
of elephant-shrew. However, the present study, based upon larger samples of
more species than the study of Van der Horst, conflicts with the details of his
conclusions. There was no clear division of the Macroscelididae into a group of
polyovulating species and a group of oligo-ovulating species, in contrast to the
conclusion of Van der Horst (1944). Although about one-half of the species
studied so far {R. petersi, P. tetradactylus, E. rozeti, E. rufescens, E. fuscipes and
E. rupestris) can be assigned to an oligo-ovulating group, the remaining species
show a complete range of ovulation rates, E. myurus having the highest rate.
E. intufi and E. brachyrhynchus might be considered intermediate forms in this
respect. These variations in ovulation rate appear to be unrelated to any en¬
vironmental factor in so far as the distributions of many polyovulating and
oligo-ovulating species overlap (Corbet & Hanks, 1968).

The author's calculation of the mean ovulation rate for E. myurus as 49-0 per
ovary is less than that of 60 quoted by Van der Horst & Gillman (1941);
their figure, however, was based upon a sample of only five specimens. Van der
Horst & Gillman (1940a) suggested two physiological explanations for the
exceptionally high ovulation rate of E. myurus: either (i) unusually potent
gonadotrophins are released from the pituitary gland, or (ii) the ovary is
unusually responsive to normal levels of gonadotrophin. A dose of 15 mg of
gelding pituitary extract (AP70B) was found to induce a mean ovulation rate of
42 per animal. Although this is only 40% of the normal ovulation rate of
E. myurus, it was concluded that, of the doses used in the study, 15 mg was the
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optimal one. The administration of this same dose to a few specimens of
E. intufi and E. rozeti did not result in ovulation and so it was not possible to
compare their ovarian sensitivity with that of E. myurus. On the basis of these
experiments, it was not possible to decide between the two explanations pro¬
posed by Van der Horst & Gillman.

The only instance of polyovulation comparable with that occurring in some

elephant-shrews is that recently discovered in the plains viscacha, Lagostomus
maximus by Weir (1971). Preliminary observations have shown that one animal
shed more than 800 ova at oestrus. It is noted in all these polyovulating species
that the range of individual variation in the numbers of ova shed increases in
proportion to the mean ovulation rate of the species. This may indicate that
any selective pressures determining their ovulation rates are weak. It has been
suggested that there is an advantage in producing large numbers ofova in that it
allows selection of the most viable embryos (Cohen, 1969). Although it would
be impossible for all the eggs produced by polyovulators to implant and come to
term, it is noteworthy that this phenomenon is associated with particularly
small litter sizes at birth. In those elephant-shrews that polyovulate, the final
litter size appears to be determined entirely by the restricted implantation sites
but in L. maximus, seven or eight embryos were reported by Weir (1971) to
become implanted. The reduction of the litter size at birth to two young is the
result of postimplantation losses. However, in the oligo-ovulating species of
elephant-shrew, the mean ovulation rate is less than two and is very nearly equal
to the mean litter-size. In these cases, it is not necessary to invoke a restriction
upon implantation to determine the litter size. But the observation that the
position and histological appearance of the implantation swelling were the same
as in the polyovulating species suggests that there are restricted (or, at least,
preferential) implantation sites in these species also. E. rozeti is exceptional
amongst elephant-shrews in that implantation is not restricted to two sites.
However, on the present evidence it is not possible to say whether implantation
is restricted to four sites, or is completely unrestricted in this species.

Restriction of implantation to one uterine horn or a particular region of the
uterus has been reported in certain bats that normally ovulate only one ovum at
a time. For example, in the Indian fruit bat, Pteropus giganteus, implantation
occurs only at the cranial end of the uterine horn (Marshall, 1953). There are
four species of insectivorous bat in which implantation has only been reported in
the right uterine horn. However, it is possible that greater numbers of these
animals need to be examined before the possibility of implantation in the left
horn can be excluded. The species concerned are Miniopterus natalensis (Asdell,
1964), Myotis griscescens, Myotis sodalis (Prahlad & Conaway, 1962) and Vesper¬
tilio murina (Pearson, 1949).

High ovulation rates accompanied by large litters have been reported in the
tenrecs, Centetes ecaudatus and Hemicentetes semispinosus (Kaudern, 1914; Rand,
1935; Bluntschli, 1937, 1938). Although these data have not been treated
statistically, it is unlikely that the ovulation rates are of the same order ofmagni¬
tude as in E. myurus. Similarly, large numbers ofembryos have been reported in
the marsupials, Dasyurus viverrinus (Hill, 1910) and Didelphis virginiana (Hartman,
1929), but the litter sizes of these animals during pouch-life are restricted by
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the number of functional nipples available. These may be considered analogous
to the restricted implantation sites of the elephant-shrews. High ovulation rates
and large litters are well documented for the domestic pig, but this situation has
been exaggerated by selective breeding (Perry, 1954).
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