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A review of the literature indicates that injection of gonadotrophic hormones
or giving high-level-energy feeds will markedly increase the number ofovulations
in polytocous animals. Higher ovulation rates are then followed by an increase
in the percentage of embryos which die in utero. This increased embryonic
death may be due either to inherent limitations within the individual embryo
or to maternal limitations which affect the litter (Runner, 1951). In any event,
the number of young at term remains at a level characteristic for the species.
Embryonic death usually occurs before the time of attachment of the embryo
to the endometrium (Boyd, 1965).

Attempts to increase the number of young born either by hormonal super-
ovulation (Fowler & Edwards, 1957; Adams, 1960; Hafez, 1964) or by the
addition of embryos to the uterine horns (McLaren & Michie, 1959; Adams,
1960) have seldom been successful. In some experiences (Adams, 1960; Hafez,
1964) litter size was actually reduced. Exceptions to these general findings
have been presented for mice (Sato, 1959; Wilson & Edwards, 1963).

In view of this evidence, it was postulated that some uterine mechanism
limits the number of embryos that may undergo implantation or placentation.
This limit may be through a process of selection which favours development of
the more viable embryos since they may be able to compete more successfully
for some biochemical factor necessary in the key steps of embryonic develop-
ment (Krishnan & Daniel, 1967). This postulate is further enhanced by the
observations that a reduction occurred in the number of fertilized ova which
continued development when the blood supply to the uteri of mice was limited
(Senger, Lose & Ulberg, 1967). Reduction in blood flow to the ovarian one-
third of the uterine horn was particularly detrimental to the embryo's survival.
Critical periods of development occur in embryos of mice (2- to 4-cell stage),
rabbits (morula to blastocyst stage) and swine (4-cell stage) grown in vitro
(Cole, Edwards & Paul, 1966; Whittingham, 1966; Elliott, personal com¬

munication). In each species, some factor in the female reproductive tract
seems to be necessary for continued embryonic development.

Characteristic patterns of embryonic death in domestic swine (Sus scrofa
domestica) are well documented in the literature. Most of the embryonic deaths
occur during the first 25 days (Gossett & Sorensen, 1959) of the 114-day
gestation period. Therefore, this species was used in the present experiment to
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test the hypothesis that the uterus is responsible for limiting litter size at term.

Crossbred gilts, mated to boars with epistatically dominant genes for white
hair colour, served as recipients. To evaluate the inherent fertility of these
animals and to determine the effects of surgery on embryonic survival, intact
and sham-operated animals served as controls (Table 1).

A group of primiparous Duroc sows provided genetically marked embryos,
homozygous recessive for red hair. Transfer-pairs were formed for embryo
transfer, by natural synchrony of onset of oestrus (+12 hr), between a mated
gilt (white offspring) and a mated donor sow (red offspring). Embryo transfer
was performed, as previously described (Vincent, Robison & Ulberg, 1964),
approximately 63+6 hr after the donor animal was detected in oestrus. The
number of corpora lutea in the ovaries of the recipient female was determined
at the time of surgery. Each corpus luteum was assumed to represent one ovum

and, consequently, one potential embryo genetically marked for white hair

Table 1
litter size after addition (superinduction) of extra embryos

Treatment groups

Control Sham* 16
Potential embryos

22 28
No. of gilts
Ovulation rate, av.f
No. embryos added, av.J
No. total embryos, av.

Litter size, av.§±S.E.
Foetal wt, av. (g)

11
11-3
00

11-3

11
10-4
00

10-4

8
11-3
4-7

160

8
12-1
9-9

22-0

8
13-5
14-5
280

9-9 + 0-34 8-2 + 0-50 8-8 + 0-65 8-5+1-13 9-9 + 0-74
671 666 679 599 575

* Surgery without the addition of embryos.
t Each ovulation point was assumed to represent an embryo genetically marked for white hair colour.
j Genetically marked for red hair colour.
§ At 87 to 93 days of gestation.

colour (native embryo). Embryos genetically marked for red hair colour
(foreign embryos) were then added to the uterine horns just below the tubo-
uterine junction of the gilts so that the total number of potential embryos in
each animal was either 16, 22 or 28. Recipients were slaughtered at approxi¬
mately 90 days of gestation and the parentage of each foetus was determined.

Average litter size at the time of slaughter was 8-8, 8-5 and 9-9 for the groups
receiving 16, 22 or 28 potential embryos, respectively. These values did not
differ significantly from each other nor did they differ from those obtained from
the non-operated and sham-operated control gilts (9-9 and 8-2). Differences
among treatments for foetal weight were not significant (Table 1). This indi¬
cates that the majority of embryo selection (embryo death) occurs early in
gestation.

Besides limiting the size of the litter, the uterus selects those embryos which
make up the litter. This is demonstrated by the differential selection of trans¬
ferred embryos. Although embryos were not recovered from the gilts at the time
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of surgery, previous data indicated that at approximately 63 hr after onset of
oestrus there would be an average of 4-7 blastomeres per embryo in this type
of female. Embryos from the donor sows had an actual average of 2-9 blasto¬
meres per embryo in this experiment. Therefore, it appears that the sows
ovulated later after onset of oestrus than did the gilts. Consequently, the stage
of embryonic development was either approximately the same for the two

types of embryos or the foreign embryos were 12 or 24 hr behind the native
embryos in development. Data on reproductive performance of the recipient
animals are arranged according to degree of synchrony between members of a

transfer pair (Table 2). These data demonstrate the need for proper synchrony
between embryonic and uterine development. When foreign and native
embryos were similar in development there was no significant difference in
survival rates between the two kinds of embryos developing in a common

uterus. However, a significant difference (P<0-01) in survival did exist when
development of foreign embryos was either 12 or 24 hr behind that of the
recipient's own embryos. Regardless of synchrony, essentially the same relative

Table 2
survival rate of foreign and native embryos when synchrony in staoe

development of the foreign embryos is varied*
OF

Synchrony o/+
embryos

No.
recipient

gilts
Embryo survival

Native (%) Foreign (%)
Av. no.

potential
embryos

Av. no.

normal
foetuses
+ S.E.

Per cent
overall
survival

Equal
-12hr
-24 hr

7
10

7

45/88 51
74/131 56
55/76 72

21/60
20/101
2/69

35
20**
3**

21
23
21

9-4+ 1-02
9-4±0-85
8-1+0-67

45
41
39

* Data pooled across treatments.
t Development of foreign relative to native embryos.

** Significantly (P< 001) less than the survival rate of the native embryo.

percentage of the potential embryos was selected, and survived, so that average
litter size at term was similar among groups. Thus, increased death associated
with increased embryo numbers appears to be due to maternal limitations and
not due to inherent limitations of the embryo. This uterine mechanism acts
to limit litter size to a level characteristic for the species. It seems apparent,
therefore, that the barrier imposed by uterine capacity must be removed before
a marked increase in reproductive rates of polytocous animals can be realized.
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National Institute of Child Health and Human Development.
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