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RESORPTION OF OVIDUCTAL EGGS AND EMBRYOS IN SQUAMATE REPTILES
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Among squamate reptiles, gravid females are frequently said to be able to resorb infertile
and malformed eggs from their oviducts. This pattern, if it existed, would allow females to
recycle nutrients from abortive attempts at reproduction, and to increase lifetime reproductive
potential by modulatingreproductiveeffortaccording to environmental circumstances. However,
areview of the literature reveals thatevidence for oviductal egg resorption is weak, and does not
preclude other fatesforabortiveeggs (eggretention or expulsion). Furthermore, for the oviduct
to resorb eggs would require that it have the functional properties of the digestive tract,
properties that may be incompatible with its several reproductive functions. Future work should
notassume oviductal egg resorption in squamates without definitive evidence that the eggs are
not simply aborted or retained by females following absorption of water.

INTRODUCTION

In literature dating back to the late 1800s, female liz-
ards and snakes have been said to be able to resorb eggs
and embryos from their oviducts under conditions of
physiological stress and infertility. Theoretically, such
resorption could be an ideal way for a female to mini-
mize loss of nutrients during failed attempts at
reproduction, and to control reproduction in such a way
as to maximize lifetime reproductive potential. How-
ever, as discussed below, evidence for resorption is
weak, and several reasons exist to question whether
specific squamates actually resorb oviductal eggs, as
opposed to aborting them. The purpose of this review is
to explore the question of whether squamates can
resorb their eggs and embryos, and to encourage indi-
viduals with experience in herpetoculture to share
evidence bearing on egg resorption in particular spe-
cies. This issue is of functional, theoretical, and
evolutionary significance, and has practical implica-
tions for the maintenance and breeding of squamates in
captivity.

THEORETICAL ADVANTAGES OF EGG
RESORPTION

An ability to resorb eggs and embryos could offer
important benefits to female squamates. In typical
oviparous squamates, the developing eggs spend about
20-40% of the total developmental period in the
oviducts, prior to being laid (Shine, 1983; Blackburn,
1995). Therefore, an opportunity for resorption could
exist in egg-layers, as well as in viviparous forms,
which retain their eggs to term. By resorbing infertile
and malformed eggs, a female could recycle the nutri-
ents that she has invested in her eggs, and thereby
enhance her own future survival and reproduction. In
oviparous squamates, most or all of the nutrients in-
vested into eggs are in the form of the ovulated yolk,
and a similar situation exists in most live-bearing spe-
cies. In viviparous lizards and snakes, small amounts of
organic and inorganic ions are provided to the embryos
by the oviduct after ovulation (Panigel, 1956; Hoff man,

1970a; Thompson, 1977, 1982; Stewart, 1989; Stewart
et al., 1990). However, as shown by these and other
studies (Thompson, 1981; Stewart & Castillo, 1984),
the yolk typically provides most of the nutrients for de-
velopment. Therefore, given that most of female
nutrient investment into the prospective neonate occurs
at the time of ovulation in both oviparous and vivipa-
rous forms, a female that could resorb the yolk or the
developing embryo could achieve considerable savings
of energy and nutrients.

A second potential advantage of egg resorption is
that it would allow females to minimize the physical
burden imposed by inviable eggs. Gravidity tends to
handicap locomotory ability in female squamates (e.g.,
Vitt & Congdon, 1978; Shine, 1980; Seigeleral., 1987,
Cooper et al., 1990; Sinervo et al., 1991; also see
Schwarzkopf, 1993). Moreover, in some snake species,
females do not feed during pregnancy (Shine, 1980),
probably because gravidity inhibits passage of food
down the posterior gastrointestinal tract. Therefore, by
carrying a clutch of inviable eggs, a female would be
decreasing her ability to feed, thermoregulate, and es-
cape from predators, with no compensatory
advantages.

Thirdly, inviable eggs block the oviducts and would
prevent future attempts at reproduction if not removed.
The squamate uterus is a thin tube that, in repose, is
much smaller in diameter than a single egg. An egg
lodged in the uterus could block eggs from subsequent
ovulations from being transported through the
oviducts, and might well prevent sperm from ascending
the tract to the site of fertilization. Resorption of invi-
able eggs would be an ideal way for females to free up
the oviducts for subsequent reproductive attempts.

A fourth potential benefit of egg resorption comes
from consideration of life history theory (Stearns,
1992). If a female could resorb eggs under conditions
of physiological stress, she could modulate reproduc-
tion after ovulation, according to changing
environmental circumstances. If conditions were un-
suitable (or simply less than ideal) for reproduction, a
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female could resorb her reproductive investment and
wait until conditions improved to reproduce. Unsuit-
able conditions could be reflected in unseasonal
climatic change, depletion of maternal fat reserves, or
food scarcity. A viviparous female that could not resorb
or otherwise get rid of her eggs would be “locked in” to
pregnancy, carrying the embryos until they were finally
born, even atthe expense of her own survival. This con-
sideration may be less significant for typical oviparous
squamates; given the smaller proportion of the devel-
opmental period that eggs reside in the oviducts, the
opportunity for females to modulate reproductive in-
vestment after ovulation would necessarily be less than
in viviparous forms. In the latter, gestation length
ranges from several weeks to about a year, depending
on the species (Tinkle & Gibbons, 1977; Blackburn &
Vitt, 1992); therefore, environmental conditions could
change markedly between the period of ovulation and
parturition. Consequently, from this standpoint, we
would expect the capability of egg and embryo
resorption to be particularly advantageous to vivipa-
rous species.

DO FEMALE SQUAMATES RESORB
OVIDUCTAL EGGS?

An ability to resorb eggs while they are still in the
oviducts clearly could have important advantages for
female squamates. The question remains, however, as
to whether females are able to accomplish such
resorption. Uterine resorption of embryos is well
known to occur among eutherian mammals, notably
certain rodents (Brambell, 1948; MacFarlane et al.,
1957; Low, 1978; Gosling, 1986; Westlin et al., 1995).
However, evidence for egg resorption among
squamates is less clear.

Uterine egg resorption has been inferred for particu-
lar species of both lizards and snakes (e.g., Mingazzini,
1892; Domini, 1928; Jacobi, 1936; Clausen, 1940;
Kasturirangan, 1951; Parameswaran, 1962; Bustard,
1966; Hoffman, 19704; Yaron, 1972), based on three
separate lines of evidence. First, such inferences some-
times are based on observations of oviductal eggs that
have stopped developing, or that show no evidence of
fertilization. Indeed, abortive or infertile eggs have
been reported in the oviducts of numerous squamate
species (Giacomini, 1891; Giersberg, 1923; Blanchard,
1925; ten Cate-Hoedemaker, 1933; Jacobi, 1936;
Parker, 1940; Neill & Boyles, 1957; Parameswaran,
1962; Badir, 1967, 1968; Hoffman, 19704; Shine,
1977; Powell and Russell, 1991; Gregory et al., 1992;
Farrell et al., 1995).

Such observations do not offer prima facie evidence
of egg resorption, in absence of signs that the oviduct
takes up egg components. Non-developing eggs could
simply be retained in the oviducts, with or without sub-
sequent expulsion. In the viviparous garter snake,
Thamnophis sirtalis, for example, Hoffman (19705)
found that upon emergence in the spring, the snakes

contained oviductal embryos and adnexae that had
been retained from the preceding summer. This also oc-
curs in oviparous species. For example, a female
Diadophis was reported to retain a fertilized, dead egg
for some months (Blanchard, 1925), and a female
Elaphe climacophora reportedly retained an oviductal
egg for more than 16 months (Watanabe et al., 1989).
Thus, inviable eggs may be retained in the oviducts,
rather than being actively resorbed, even though such
retention may have detrimental affects on subsequent
reproduction.

Alternatively, malformed or infertile eggs could
eventually be expelled by the oviducts and extruded via
the cloaca. Squamates are routinely reported to deposit
infertile and abnormal eggs, including both oviparous
species (e.g., Rollinat, 1904; Neill & Boyles, 1957,
Fitch, 1970; Campbell & Quinn, 1975; Dyrkacz, 1977,
Murphy et al., 1978) and viviparous species (Jacobi,
1936; Branch, 1973; Branson & Baker, 1974; Mitchell,
1976; Ji, 1995; Ronne, 1996). For example, a captive
Elaphe longissima female was observed to deposit invi-
able, deformed eggs of subnormal size; the eggs were
not laid as a clutch, but extruded at the rate of one or
two a day as the snake crawled around the cage
(Lotzke, 1975). In an analysis of 162 Thamnophis
sirtalis that had been captured and then maintained in
captivity, Gregory et al. (1992) found thatabout a quar-
ter of the deposited litters included fully-developed but
dead young; another quarter contained one or more un-
developed eggs or young. Interestingly, snout vent
length of the live and dead neonates did not differ sta-
tistically. Data reported by Ji (1995) on the viviparous
E. rufodorsata indicate that infertile eggs extruded at
the end of gestation do not differ from oviductal eggs
collected months earlier, in terms of lipid content or ca-
loric value. One would expect a decline in both
parameters if organic components were being resorbed.

As anyone with experience with captive breeding of
viviparous squamates knows, extrusion of inviable
eggs occurs with great frequency; to breeders they are
known as “slugs”. In my laboratory, we have frequently
observed extruded yolky material in the sandy substrate
in my breeding colony of Chalcides ocellatus, and re-
cently found small amounts of extruded vyolk,
surrounded by shell membrane, from captive
Thamnophis whose oviducts were found shortly there-
after to contain unfertilized eggs. Similarly, we have
seen captive Elaphe gutatta extrude a small amount of
unshelled yolk material prior to oviposition of a normal
clutch. Extruded yolk material is easy to overlook, and
can dry quickly under a heat lamp or in a sandy
substrate. The incidence of infertile eggs, in captive
squamates at least, can be high in both oviparous and
viviparous species (McEachern, 1991; Ronne, 1996).
One must question why infertile eggs are deposited if
resorption can occur in the species in question.

A second line of evidence that has been invoked as
evidence of egg resorption comes from observations of
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oviducts containing eggs that are shrunken and mis-
shapen (e.g., Kasturirangan, 1951). Jacobi (1936, p.
415) published a photograph of the oviducts of the
pregnant viviparous slow-worm Anguis fragilis in
which a single “Abortivei” was considerably smaller
than the adjacent normal eggs. Similarly, Domini
(1928) illustrated oviducts of the viviparous skink
Chalcides chalcides, in which eggs were sufficiently
misshapen and shrivelled as to suggest loss of egg ma-
terial. Blanchard (1925) described a female Diadophis
punctatus with a retained oviductal egg that appeared
somewhat shrunken and hardened in the centre. In his
comprehensive work on the viviparous garter snake
Thamnophis sirtalis, Hoffman (19704) found that half
of the pregnant females contained at least one abnormal
or developmentally-arrested embryo. The abnormal
young were described as being partly mineralized or in
a semi-liquified state “apparently indicative of active
resorption”.

Such observations are suggestive of egg dehydration
and necrosis, and perhaps uptake of water by the sur-
rounding uterine tissues. However, observations of
dehydrated, abortive uterine eggs do not indicate that
the organic components of the eggs and embryos are
digested and absorbed by the oviducts, rather than be-
ing expelled after water extraction. In fact, in
observations of pregnant female C. chalcides that con-
tained both normal and degenerating eggs, Domini
(1928) foundthatthe decomposing eggs may not disap-
pear from the oviducts until parturition. Likewise,
Ronne (1996) described expulsion of dehydrated yolks
during parturition of normal young in captive boas.

Definitive evidence of uterine resorption could be
provided by histological examination of abortive
uterine egg sites. From microscopic study, Mingazzini
(1892) inferred that tissues of the oviduct might resorb
such eggs in the Mediterranean skink Chalcides
chalcides, but offered no supportive evidence. Subse-
quent researchers inferred that captive females of this
species resorb their embryos when food is not available
(Domini, 1928; Jacobi, 1936), based on observations of
oviductal eggs in arrested stages of development. This
species is of particular interest from a reproductive
standpoint, because it is so highly placentotrophic; fe-
males ovulate small (3 mm) eggs and during the three
month gestation, provide most of the nutrients for de-
velopment by placental membranes whose complexity
rivals that of therian mammals (Blackburn, 1993aq;
Blackburn & Callard, 1997). Domini (1928) examined
purported uterine resorption sites in two female C.
chalcides, and described degenerative necrosis of the
embryos in some detail. However, his study fell short of
offering specific evidence that products of embryo de-
generation are taken up by the uterus. In arecent study
in my laboratory, we examined a number of abortive
egg sites in this species, and found no evidence thategg
components are either digested or absorbed by the
uterus (Blackburn et al., 1998). The pregnant females

had been obtained through a trans-oceanic shipment,
and upon arrival, laparotomy revealed malformed and
possibly degenerating oviductal eggs. Our histological
examination revealed that the eggs were undergoing
dehydration and dissolution, and were in the process of
being extruded down the oviducts following absorption
of water; in some cases such extrusion was occurring
while the embryos were still developing.

Jacobi (1936) examined four abortive egg sites in
Anguis fragilis histologically. In one ofthese four sites,
he found what he considered to be possible evidence of
uterine egg resorption, in the form of a few tiny gran-
ules in the connective tissue below the uterine
epithelium. While recognizing that the granules were
much smaller than yolk droplets of the vitellus, Jacobi
(1936) tentatively suggested that they might represent
products of yolk digestion. However, the granules were
not observed in other “resorbing” females, and Jacobi’s
(1936) diagram does not rule out the likelihood that
they simply represent mast cell granules. Mast cells are
common in reproductive tissues of squamates, includ-
ing the oviduct (Jones et al., 1975; Uribe et al., 1988),
and I have observed them in both intact and
degranulated condition in abortive egg sites of
Chalcides chalcides.

In sum, the studies cited above have not demon-
strated that female squamates can or do resorb eggs
from their oviducts. These studies do not of course pre-
clude the possibility that such absorption occurs, but as
discussed below, one can use them to derive criteria for
recognition of such resorption.

EVOLUTIONARY CONSIDERATIONS

Given the paucity of evidence that egg and embryo
resorption occur among squamates, are we correct in
presuming that such a pattern would be advantageous?
Probably - after all, selective pressures represent only
one factor that affects evolutionary change. Natural se-
lection requires both sufficient time in which to operate
and appropriate heritable variation to be present, and
the latter may be affected by constraints imposed by
disparate functions. For the uterus to undertake egg
resorption would require that it be able to accomplish
large-scale extracellular digestion of macromolecules,
epithelial absorption of the products of such digestion,
intracellular breakdown, and finally, export of the
products of digestion to the connective tissue where it
could be taken up by macrophages or transported away
by the circulatory system. Large-scale digestion, secre-
tion and absorption requires enlarged (i.e. columnar)
epithelial cells for housing the organelles accomplish-
ing these functions; however, the uterus is adapted in
part for physiological exchange with the developing
egg, which requires a thinned epithelium. Incompatibil-
ity of these functions could constrain a role in
digestion, even given sufficient time and strong selec-
tive pressures.
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As for the temporal parameter, it is useful to keep in
mind that egg resorption would probably be most ad-
vantageous to viviparous forms. Viviparity in
squamates tends to be a relatively recent phenomenon;
of the more than 100 origins of viviparity that have
been identified among squamates (Blackburn, 1992;
Shine, 1985), most have occurred at sub-generic levels,
and many appear to be Pliocene or Pleistocene events
(Blackburn, 1995). We can only speculate whether this
period of time has been sufficient for selection to have
conferred upon the uterusthe functional attributes of an
intestine.

Furthermore, oviductal egg resorption is not the only
way for females to recycle nutrients from inviable eggs.
Various species of viviparous snakes reportedly eat in-
fertile eggs and dead babies (Ronne, 1996). Captive
female Lepidodactylus lugubris (Gekkonidae) kept on
a poor diet produce deformed eggs with thin shells,
which they usually eatupon oviposition (Seufer, 1985).
Similarly, female Phelsuma kept on a diet deficient in
calcium eat their oviposited eggs (Osadnik, 1984). If
this pattern is widespread among squamates, recycling
of nutrients may offer less of an advantage to oviductal
resorption than would otherwise be the case.

Embryo resorption has been widely documented
among eutherian mammals (Brambell, 1948; Low,
1978); have these animals not been subjected to the
same functional and temporal constraints as
squamates? In fact not, because mammalian viviparity
dates to the Mesozoic (Lillegraven, 1979; Blackburn,
19935), and the structure of the eutherian uterus is fun-
damentally different from that of squamate reptiles.
The uterine lining in eutherians formsa thick, glandular
endometrium, and the implanting blastocyst penetrates
the epithelium in most species, often taking up a posi-
tion deep in the connective tissue (Luckett, 1977,
Mossman, 1987). There, under conditions of
resorption, embryonic tissues are susceptible to attack
by macrophages and cells of the immune system. In
contrast, the squamate uterus during pregnancy is a
very thin-walled tube with but a thin layer of connec-
tive tissue, and no true implantation occurs. Further, no
definitive evidence exists that the uterine epithelium is
eroded during pregnancy in any squamate species
(Blackburn, 1993c¢); thus embryonic tissues are not di-
rectly exposed to phagocytic cells of the uterine
connective tissue.

The paucity of evidence for oviductal resorption of
eggs in squamates does not preclude resorption of eggs
that have lodged in the peritoneal cavity. Ectopic em-
bryos have been observed in several squamates
(Matthews, 1955, 1965), including, for example, mem-
bers of the snake genera Vipera (Bellairs, 1949),
Coluber (Minton 1949), Nerodia (Neill, 1948) and
Thamnophis (Neill, 1948; Hoffman, 19704), and the
lizard genus Lacerta (Dufaure, 1964; Poyntz, 1965).
Shine (1977) observed ectopic eggs in females of the
Australian snake genera Pseudechis, Notechis, and

Austrelaps, which he inferred were undergoing
resorption. Resorption of ectopic eggs may well occur,
since they would be exposed to the motile
macrophages, mast cells, and lymphocytes of the
peritoneal cavity.

The scarcity of evidence for oviductal resorption of
entire uterine eggs also does not preclude uptake by the
uterine epithelium of water-soluble organic molecules
derived from oviductal eggs. If in fact water is resorbed
from abortive eggs, it would be surprising if no such
uptake occurred whatsoever. The question remains,
however, whether such uptake represents a significant
proportion of the yolk lipoproteins, and why egg
masses are extruded by female squamates if such up-
take is substantial.

FUTURE STUDY

The issue of whether any female squamates can
resorb abortive uterine eggs is resolvable with further
descriptive and experimental study. Definitive evi-
dence for such resorption could be offered by
histological study of abortive egg sites, studies of
uterine uptake of labelled molecules incorporated into
the eggs, or observations that rule out extrusion of the
products of egg decomposition via the cloaca. Con-
versely, long-term retention of inviable eggs and
cloacal extrusion of yolk masses offer evidence against
egg resorption. Unfortunately, reports of yolk extrusion
and possible egg resorption are less likely to show up in
the primary scientific literature than in journals and
magazines on reptilian herpetoculture. In fact, indi-
viduals with experience in reptile breeding are likely to
encounter useful evidence relevant to the issues dis-
cussed herein, and could well suggest species as
probable candidates for studies of egg resorption. One
goal of the present paper is to encourage individuals
with such experience to share their information with
academic researchers who could benefit from their
knowledge.
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