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Recent papers (Morton et al. 1982; Russell 19824,b) have renewed the debate
regarding the evolutionary interpretation of the divergence in metatherian (‘“mar-
supial”) and eutherian (‘“placental’) patterns of reproduction. These authors dis-
agreed with the conclusions of earlier papers, in particular those of Low (1978)
and Parker (1977). We believe this disagreement rests on (1) differing views of
what constitutes primitive and derived character states within the therian mam-
mals, (2) imprecisely developed concepts in the earlier papers of the selective
pressures that would favor either the metatherian or eutherian modes of reproduc-
tion, and (3) a confusion between points of similarity and difference between
metatherian and eutherian patterns of reproduction. In this paper we discuss
briefly the first two points and treat the third at greater length.

The metatherian and eutherian lineages have each been evolving for approxi-
mately 100 million years since diverging from their shared pantotherian ancestors
(Clemens 1979; Kielan-Jaworowska et al. 1979). (None of the conventional terms
for the two infraclasses is accurate and without bias. Not all marsupials have a
marsupium, and all marsupials have a placenta of one form or another. Metathe-
rian mammals may not be an intermediate mammalian grade, and eutherian
species are no more true mammals than are any other members of the class.
Although none of these terms accurately describes its taxon, all are well en-
trenched in the literature, and we will not propose more-appropriate terms here.)
Aside from systematic tradition and from evolutionary interpretations of the
reproductive systems of marsupial and placental mammals, the subject of this
paper, marsupials are best regarded as alternative to, rather than primitive to,
eutherian mammals (Tyndale-Biscoe 1973; Moeller 1975; Renfree 1981). The
changeover from a mixed marsupial-placental mammalian fauna in North America

* Present address: Department of Biology, Smith College, Northampton, Massachusetts 01063.
1 Present address: Chicago Zoological Society, Brookfield, Illinois 60513.
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618 THE AMERICAN NATURALIST

in the late Cretaceous to an almost wholly placental fauna in the Paleocene has
been cited as evidence of the ability of placental mammals to competitively
replace marsupials (e.g., Lillegraven 1974). Since much of the terrestrial verte-
brate fauna became extinct for as-yet-unknown reasons at the end of the Creta-
ceous, however, faunal replacements at the Cretaceous-Tertiary boundary should
not be interpreted as strong evidence for ecological competition.

The environments in which the therian infraclasses arose are unknown. It is
likely that eutherian mammals arose and radiated in the Northern Hemisphere,
while marsupials radiated in the south (Kielan-Jaworowska et al. 1979; Wood-
burne and Zinsmeister 1982). These early environments may have been
sufficiently distinct to favor two discrete modes of therian reproduction. Canaliza-
tion of these early differences may have set separate reproductive patterns in the
metatherian and eutherian lines, followed by later selective pressures on certain
groups within each infraclass that produced instances of apparent convergence in
reproductive patterns. For example, by giving birth to tiny young that suckle for
long periods, bears converge on the metatherian pattern, whereas the chorioallan-
toic placenta of bandicoots may converge on that of eutherians. (It is also possible
that the use of a chorioallantoic placenta by bandicoots is an ancestral trait
retained from the earliest therians; see below.)

Metatherian and eutherian reproduction differ most consistently and strikingly
with respect to the duration of gestation and the size of the neonate. In compari-
son with placental mammals, marsupials have, on the average, a shorter duration
of gestation relative to lactation (fig. 1). Gestation accounts for an average of only
12% of the time from conception to weaning in marsupials (mean of 32 species),
whereas for eutherians gestation averages almost three times as long and consti-
tutes over one-half (56%) of the average developmental period (135 eutherians,
data from the references for fig. 1). In addition, lactation lengths of marsupials
average about 40% longer than those of similarly sized eutherians. Related to their
short gestations, parental investment at birth for marsupials is much less than for
placental mammals. For marsupials, the litter weight at birth is, on the average,
only 0.09% (+.03% SE, n = 33 species) of the female’s adult body mass; average
litter mass at birth in eutherians is 170-fold greater (15.51% + 0.84% SE, n = 198
species; references as for fig. 1). Because of the relatively short gestation in
marsupials and their small size at birth, the extent of fetal influence over maternal
physiology may be less than in placental mammals.

These essential differences between the Metatheria and the Eutheria in the
reproductive effort apportioned to gestation versus lactation sometimes obscure
similarities between the infraclasses concerning the total energetic investment in
reproduction. Small marsupials produce somewhat larger litters at weaning than
do small eutherians, but over most of the range of body masses the total mass of
offspring generated at the end of weaning is not different between the infraclasses
(see below; fig. 2; Russell 1982a).

Parker (1977) and Low (1978) suggested that a possible selective advantage of
the marsupial mode of reproduction may arise from the ability of marsupial
females to terminate reproduction easily and safely at any time during the period
of parental investment. Of course, termination of a reproductive attempt would be
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FiG. 1.—Proportion of the period between conception and weaning allocated to in utero
development in metatherians (cross-hatched bars) and eutherians (open bars). Bars indicate
number of species in increments of 0.1. The metatherian data encompass 32 species in 22
genera and 6 families; the eutherian data include 135 species in 105 genera, 40 families, and 9
orders (all orders with more than 20 extant species). Data were compiled from the following
sources (numbers refer to the Literature Cited): 2, 3, 4, 5, 8,9, 16, 17, 18, 19, 20, 21, 22, 24,
26, 28, 29, 30, 31, 32, 33, 34, 35, 36, 39, 40, 41, 42, 44, 49, 52, 53, 55, 62, 63, 65, 66, 67, 68, 69,
74, 83, 84, 85, 88,90, 91, 94, 97, 99, 100, 103, 104, 105, 106, 108, 109, 111, 114, 116, 117, 118,
119, 123.

avoided if there were a high probability of successfully raising the young. In times
of stress, however, a female mammal can terminate a reproductive attempt that
has a low probability of success and threatens future reproduction by blocking
implantation, resorbing embryos, aborting fetuses, or ceasing lactation. The ter-
mination of lactation is among the simplest and least risky of these processes in
terms of the possible secondary effects on the female. Thus, when there is high
resource variability, and when a female can increase her chances of reproducing
successfully in the future by terminating her current parental investment in a
failing reproductive attempt, the marsupial mode of reproduction (with short in
utero development and prolonged lactation) may be favored by selection. Since
the eutherian mode of reproduction provides a longer fetal period, which is
hormonally mediated by a secretory trophoblast of fetal origin, the termination of
gestation may involve a costly conflict between placental mother and young
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FiG. 2.—The allometry of parental effort as measured by litter weight at weaning in
metatherians (squares enclosing dot, n = 40 species in 29 genera and 6 families) and
eutherians (crosses, n = 67 species in 54 genera, 16 families, and 6 orders). Litter weight is
tightly correlated with female mass in both infraclasses (Metatheria, log;, (litter mass, g) =
775 (£ .113 SE) + .706 (= .039)log,, (female mass, g), r = .95; Eutheria, log,;, g = .422
(£ .066) + .815 (x .020)log, g, r = .98). Covariance analysis indicates that the slopes
are significantly different (F = 6.392; df = 1, 103; P < .05), and thus the factors that deter-
mine the weight of a litter at weaning relative to maternal weight may differ for the two infra-
classes. However, since the intersection of the two lines is near the midpoint of the range of
each, the biological effect of this difference will be significant only for comparisons of very
large or small species, not for the majority of the species in the two infraclasses. Sources as
in fig. 1.

(Hayssen 1984a). When resources are predictable, the eutherian pattern would
seem as adaptive as that of marsupials, since females seldom experience unex-
pected stress after conception.

Morton et al. (1982) and Russell (1982a,b) questioned the contention of Parker
(1977) and of Low (1978) that environmental unpredictability favors the marsupial
reproductive pattern. In rejecting the conclusions of the previous authors, Russell
viewed the metatherian pattern either as primitive or as a result of undetermined
selective pressures. Morton et al. contended that marsupials are restricted to
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MAMMALIAN REPRODUCTION 621

relatively slow growth and reproduction by low metabolic rates adapted to condi-
tions of periodic resource scarcity, whereas the eutherian mode of reproduction
and high metabolic rates enable rapid reproduction and growth when resources
are abundant.

DURATION AND MAGNITUDE OF REPRODUCTIVE EFFORT
IN MARSUPIAL AND PLACENTAL MAMMALS

Both Morton et al. and Russell relied on Braithwaite and Lee’s (1979) paper to
support their claim that small marsupials have a prolonged period between con-
ception and weaning relative to comparable eutherians. The statistically untested
“trend” in Braithwaite and Lee’s data rests, however, on a comparison of six
small dasyurids (<100 g) with 3 insectivores and 12 myomorph rodents. The
remaining marsupials (>100 g) are bracketed on both sides by eutherian data. Our
statistical analysis of data on 32 marsupial species, compared with data on 135
eutherian species (well representative of the taxonomic diversities of the two
infraclasses), reveals a rather different pattern (fig. 3). Covariance analysis indi-
cates that the lines do not differ significantly in slope (F = .96; df = 1, 163; P >
.05), but they differ significantly in elevation (F = 17.03; df = 1, 164; P < .01).

Large macropodids, which often nourish several successive offspring simulta-
neously (an intrauterine embryo, a pouch young, and a joey at heel), spend more
time from conception to weaning than do many similarly sized eutherians. If the
macropodids are dropped from the statistical analysis, however, the remaining
marsupials do not differ significantly from eutherians (F slope = 0.26, df = 1, 148,
P > .05; F intercept = 3.85, df = 1, 149, P > .05). Dasyurids spend more time
from conception to weaning than the average eutherian (or other marsupials), but
peramelids have relatively short developmental times. (In both infraclasses, some
species—some bats, seals, weasels, and macropodids—delay implantation, such
that there may be a period of time after conception during which development is
not proceeding. Thus, although conception-to-weaning times correctly measure
the speed with which independent offspring can be produced, they do not always
reflect the rate of development of the young. We include periods of delayed
implantation in the conception-to-weaning times for those species in which the
delay is obligatory.)

Russell (1982 a,b) indicated that some marsupials (small dasyurids) make a
large investment in reproduction. These marsupials produce a litter weighing
322%-373% of the female’s body mass at the time the young are weaned. Russell
claimed that this pattern of reproduction precludes the putative ease of termina-
tion of reproductive investment in marsupials discussed by Low and Parker. In
presenting data on litter weights at weaning, however, Russell overlooked a main
point of the Parker and Low hypothesis, namely, that maternal investment is low
at parturition, allowing an early termination of reproductive effort subsequent to
birth at a low cost to the marsupial female.

In spite of her acknowledgment of the issue, Russell still committed the “Con-
corde Fallacy” (Dawkins and Carlisle 1976) when she claimed, “By the time the
litter is large enough to be worth deserting, it is too costly to replace” (1982b, p.
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F16. 3.—The allometry of parental effort as measured by time from conception to weaning
in metatherians (squares enclosing dot, n = 32 species in 22 genera and 6 families) and
eutherians (crosses, n = 135 species in 105 genera, 40 families, and 9 orders). The scatter
around both lines is large (Metatheria, log;o days = 1.496 (= .114) + .252 (+ .034)log\o g,
= .81; Eutheria, log,, days = 1.464 (= .052) + .204 (= .015)log,o g, r = .77). Data compiled
from sources in fig. 1.

468). The selective cost of terminating a currently failing reproductive attempt is
not the size of the lost reproductive investment at weaning, or even the lost
investment at the time a prenatal or postnatal litter is discarded. Rather, the costs
and benefits resulting from the early desertion of a litter are to be measured by the
effect that the loss has on the probability of successful reproduction both then and
in the future. Thus, a litter is most “worth deserting” when the greatest amount of
resources remain to be invested and can still be diverted to a future reproductive
attempt with a higher probability of success, not when the largest investment
has already been committed. Selection would favor earlier rather than later ces-
sation of a reproductive attempt that has little or no chance of successful
completion, and a less risky (to the mother) rather than more dangerous mode of
termination, because these mechanisms would minimize the delay in reinitiat-
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MAMMALIAN REPRODUCTION 623

ing reproduction when conditions improve and maximize the probability that fu-
ture reproductive attempts would be successful.

EVOLUTION OF REPRODUCTIVE PATTERNS IN OPPORTUNISTIC AND SEASONAL BREEDERS

Morton et al. (1982) suggested that Low, Kirsch (1977a,b), and Parker over-
generalized from the example of the opportunistically breeding Macropodidae that
clearly illustrates the Low and Parker hypothesis. Morton et al. contended that
because other marsupials, such as some dasyurids, petaurids, phalangerids, and
didelphids, are seasonal breeders and live in predictable environments, nonmac-
ropod marsupials do not conform to the ideas of Parker and Low. That many
marsupials presently live in environments in which the more facile termination of
reproductive investment would seem of lesser benefit does not refute the hy-
pothesis that the basic marsupial pattern of reproduction arose to counter the risks
of breeding in unpredictable environments. Even if those marsupials now inhabit-
ing more-benevolent environments have had sufficient evolutionary time to re-
verse the characteristically marsupial trend toward exceptionally low investment
in their young at birth, it is not clear that there would be any selective advantage in
their doing so. Antechinus stuartii would seem the extreme example of a season-
ally breeding marsupial that invests in large litters in a predictable environment.
Yet, even in this “semelparous” (Braithwaite and Lee 1979) dasyurid, females can
survive to breed a second year (Wood 1970), thus leaving open a role for selection
to conserve reproductive resources for a subsequent reproductive event. We
contend that marsupial reproductive patterns are not maladaptive in seasonal or
predictable environments. The metatherian mode of reproduction would seem to
offer scope for considerable ecological and evolutionary flexibility, rather than
leading to the evolutionary stagnation suggested by Lillegraven (1979).

Morton et al. also claimed that Parker and Low overlooked the extent to which
placental mammals can terminate a pregnancy in response to stress. They pre-
sented data on the postimplantation loss of young in 12 rodents, 1 lagomorph, and
1 artiodactyl. The mean fetal mortality of the nonlaboratory animals was 7.4%
(range, 0.1%-25%). From these data, Morton et al. concluded that metatherians
and eutherians do not differ greatly in their ability to terminate reproductive
effort. Postimplantation mortality in eutherians is not necessarily related to en-
vironmental stress, however. :

We cannot accept the evidence of Morton et al. that Parker (1977) and Low
(1978) understated the extent of postimplantation losses in eutherians resulting
from environmental causes. Morton et al. (1982, pp. 129-130) stated

most of the studies cited, together with other reports (Brambell 1948; Macfarlane et al. 1957; Perry
1960; Hanly 1961), suggest that resorption and abortion are linked to environmental stress. Food
shortage, poor quality of food, high temperatures, and increased population densities are factors
affecting continued pregnancy. Environmental variation is responsible for differences in the extent of
resorption or abortion within species between localities and years (table 1).

Unfortunately, most of the studies cited do not concur with the summary of their
results by Morton et al. Some do not address the effects of food shortage, poor
quality of food, high temperatures, increased population densities, or environ-
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624 THE AMERICAN NATURALIST

mental variation between localities and years, nor do they present data in which
such factors can be examined (Watson 1950; Osborn 1953; Beer et al. 1957; Perry
1960). Most of the data presented by Morton et al. come from papers in which the
authors specifically state that these factors are not implicated as the cause of
postimplantation mortality (Perry 1945; Brambell 1948; Adams 1960; Hanly 1961;
Krebs 1964, discussed in Keller and Krebs 1970, p. 291; Batten and Berry 1967;
Keller and Krebs 1970). In three studies, the authors suggested that these factors
may be causal but conceded that statistically significant data demonstrating rela-
tionships are lacking (Robinette et al. 1955; Tomich 1962; Myers and Poole 1962).

Only the two experimental studies carried out on laboratory rats constitute
documented examples of resorption induced by environmental stress (Macfarlane
et al. 1957; Woodside et al. 1981). Environmental stress probably does induce the
resorption of some eutherian embryos; yet the studies cited by Morton et al.
provide no evidence that it is a frequent occurrence in natural populations, and
several of the studies suggest that genetic defects are the probable cause of the
postimplantation losses (Perry 1960; Hanly 1961; Batten and Berry 1967; Keller
and Krebs 1970).

REPRODUCTION AND MAMMALIAN METABOLIC RATES

Morton et al. made another claim: low metabolic rates in marsupials are an
adaptation to life with limited resources, and as a consequence, marsupials have
slow rates of growth and development. Therefore, even when resources are
abundant, marsupials cannot produce large numbers of young quickly because of
the constraints imposed by their basal metabolic rates. Irrespective of the pos-
sibility that basal metabolic rates may show no consistent relationship with the
metabolic rates of reproductive animals (Hayssen 1984b), the weight of young at
weaning relative to maternal weight is no less in marsupials than in placental
mammals (fig. 2). Development of young from conception to weaning is slower
among the macropodids (fig. 3), but they often simultaneously nurse successive
offspring. Thus, if marsupials do have lower metabolic rates during reproduction
than do eutherians of similar weight, their mode of reproduction must be more
efficient energetically than that of eutherians. The common assumption that the
marsupial mode of reproduction would be energetically less efficient because most
nutrients are transferred to offspring via milk rather than directly across a
placenta overlooks the added cost of placental growth and maintenance for
eutherians with long gestations.

The view that metabolic rate constrains reproductive adaptations in any obvi-
ous way is not supported by data. Fleming et al. (1981) examined the reproductive
energetics of the North American opossum, Didelphis virginiana, and found that
the resting metabolic rate of lactating females is 92% higher than that of nonlactat-
ing females. More important, their data also show that the rate of energy transfer
to offspring is not different between this didelphid marsupial and eutherian mam-
mals. Hennemann (1983) attempted to compare the basal metabolic rates (BMR)
of mammals with reproductive output as estimated by the intrinsic rate of in-
crease, in order to test McNab’s (1980) hypothesis that metabolism constrains
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TABLE 1

THe EFFecT OF BopY MAss AND METABOLIC RATE ON THE DURATION OF REPRODUCTION IN EUTHERIAN
MaMMALS, ANALYZED BY MULTIPLE REGRESSION

Independent Intercept B, (SD) B, (SD) No. of Species
Variable a (incremental R?) (incremental R?) (total R?)
Gestation 1.22 .150***(.036) —.265%(.122) 75
(59.5%) (2.5%) (62.0%)
Lactation 0.97 221%*%(.046) .268 (.159) 65
(36.4%) (2.8%) (39.2%)
Conception 1.34 213%*%(.032) —.010 (.109) 59
to weaning (71.3%) (0.0%) (71.3%)

Note.—The regression parameters are for the following model: log,,(days) = a + B, (mass in log,q
g) + B, (basal metabolic rate in log;o ml O,/[g — h]). The coefficient of determination (R?) gives the
percent of variance in the dependent variable accounted for by its rclationship to the independent
variables. Standard metabolic rates are from McNab (1966, 1969, 1979a,b, 1980). There seems to be a
slight effect of metabolic rate on gestation, such that animals of a given body size with higher metabolic
rates may have shorter gestations, but the reverse may be true for lactation. Over the entire period of
maternal dependence, metabolic rate appears to have no relation to the duration of the growth period.

* P < .05.

*ik P << 001,

reproduction. The six marsupials included in Hennemann’s (1983) data averaged
only 65% of the BMR expected for mammals of their body size (based on the
Kleiber 1961 curve), compared with an average of 121% of expected for 36
eutherian mammals. Yet, those same marsupials averaged 154% of the expected
intrinsic rate of increase (based on an allometric relationship calculated by Hen-
nemann), compared with an average of 128% for the eutherians. In addition,
multiple-regression analyses of gestation and lactation length versus adult weight
and basal metabolic rate suggest that metabolic rate shows little correlation with
the variation in these reproductive states even within the Eutheria (table 1).

MARSUPIAL REPRODUCTIVE PATTERN AS A DERIVED,
NOT PRIMITIVE, CHARACTER

It has often been suggested (e.g., Lillegraven 1979; Russell 1982a) that the
marsupial characters of short gestation lengths, long periods of lactation, and
immature young at birth are a remnant of the ancestral condition of the mamma-
lian stock that gave rise to both marsupials and placentals. Rather than consider-
ing the marsupial mode as primitive, we would suggest that the marsupial mode
can be viewed equally well as an extremely derived state.

Many reptilian orders, as well as other vertebrate classes, include members that
provide intrauterine nourishment to their young and bear live young (Fitch 1970,
Wake 1977; Wourms 1981; Blackburn 1982a,b; Blackburn et al. 1984). Thus,
the completion of development within the uterus is not a uniquely mammalian
character. ’

Like all living reptiles, the ancestors of mammals probably produced young that
were well developed at birth or hatching and required little or no postpartum or
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posthatching maternal care (Case 1978a). Lactation probably evolved in the
mammallike reptiles or early mammals as a nutritional supplement for well-
developed young. As progressively greater reliance on milk obtained, the birth of
less-developed young would have been possible. In this respect marsupials,
relative to eutherians, seem farther from the reptilian mode of reproduction, since
they are strongly altricial, with young whose development is highly modified in
sequence and timing for a prolonged period of growth supported by lactation.

This assessment of marsupial reproduction is not generally advanced, probably
because of the apparent similarity in certain features of monotreme and marsupial
reproduction. Yet, monotremes and therians are less closely related than are
metatherians and eutherians (Lillegraven et al. 1979), and many features of mono-
treme biology are distinct from those shared by marsupial and placental mammals
(Griffiths 1978). The mosaic nature of evolutionary change precludes the facile
assumption that, because some features of marsupials appear to be remnants of
the ancestral mammalian condition, other unrelated features must also be ances-
tral characteristics that have persisted since monotremes and therians diverged.
There is insufficient evidence to distinguish clearly between shared reproductive
characters in monotremes and marsupials that were retained through common
ancestry and those obtained through convergent evolution, perhaps in response to
similar environments. If the marsupial reproductive pattern of short gestation and
long postbirth parental care was ancestral to that of placental mammals, then the
reproductive pattern of placental mammals that places less reliance on lactation
and greater emphasis on internal production of well-developed young must be an
evolutionary reversal, converging on the characters of their reptilian ancestors.

The one reproductive adaptation unique to mammals, lactation, is most
elaborated in the marsupials (Renfree 1981). In marsupials, lipid and protein
concentrations in the milk increase severalfold during lactation, accompanied by
changes in the primary constituents of these fractions (Tyndale-Biscoe 1973).
These modifications of milk composition keep pace not only with the changing
nutritional requirements of the developing young, but also with the ability of its
digestive tract to absorb complex molecules. Furthermore, some macropodids are
able to produce simultaneously milk of two different compositions from adjacent
mammary glands to support the development of both a neonate pouch young and a
joey (Lincoln and Renfree 1981). Such intricately controlled lactation is un-
matched in the Eutheria.

Another complex of adaptations involved in the marsupial mode of reproduc-
tion is the mosaic of developmental precocity, which allows for birth and suckling
while body size is extremely small and the developmental state of the young is
immature. As Sharman (1973) observed, the marsupial neonate is not develop-
mentally equivalent to a premature eutherian but rather is adapted to sustain
growth and development via lactation. Specific fetal adaptations in marsupials
include a cervical swelling in the least-developed marsupial young (which serves
to position the body while suckling), deciduous claws functionally attached to
extensor and flexor muscles of the forelimbs at the same time that the skeletal
tracts of the hindlimbs are represented only by condensed mesenchyme without
formed muscle primordia, a precociously functional olfactory system, and a
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functional mesonephric kidney at birth (Sharman 1973). These unique adaptations
of marsupials to the immature condition of their neonates support the view that
their reproductive patterns are highly derived.

Prolonged gestation in eutherians depends on the development of a secretory
chorioallantoic placenta, which prevents the potential allograft rejection by mater-
nal tissues. The secretory activity of the marsupial placenta is suggested by hybrid
crosses among macropodids, in which gestational length is altered from what is
characteristic of the maternal species (Kirsch and Poole 1972; Poole 1975), and by
findings that the yolk-sac placenta of some marsupials can synthesize progester-
one and other steroids (Bradshaw et al. 1975; Heap et al. 1980). Among the
Metatheria, the greatest similarity to the eutherian character of a highly invasive
chorioallantoic placenta is found in the bandicoots (Peramelidae; see Padykula
and Taylor 1976). Peramelids develop a chorioallantoic placenta in which the
fetal-maternal barrier is reduced to maternal stroma and thin cytoplasmic exten-
sions of syncytial cells (possibly of joint maternal and fetal origin), which together
separate the maternal and fetal capillaries. The elaborate development of the
endoplasmic reticulum and Golgi complex in the syncytial cells indicates that the
secretory potential of this marsupial placenta is large; as yet, however, no one has
looked for direct evidence of protein or steroid synthesis.

Thus, bandicoots give evidence of the marsupial evolutionary potential for
achieving a eutherian mode of gestation. Nevertheless, it will be difficult to
determine whether the chorioallantoic placenta of bandicoots is convergent on
that of eutherians or simply retained from a common therian ancestor. On the one
hand, the frequency with which chorioallantoic placentas have evolved in inde-
pendent reptilian lineages (Luckett 1977) attests to the possibility of convergence
in the placental structures. On the other hand, the approximately equal develop-
ment of chorioallantoic and choriovitelline membranes (presumably functioning in
gas exchange) in the monotreme platypus egg (Luckett 1977), as well as the finding
of a highly vascularized chorioallantois in the koala (Hughes 1974) and the uncer-
tain phylogenetic position of the bandicoots (Kirsch 1977¢), leaves open the
possibility that the dual use of choriovitelline and chorioallantoic placentas is the
ancestral condition in the Theria. Having attained, or retained, a chorioallantoic
placenta, bandicoots do not exploit it to extend the length of gestation as do
eutherians; rather, they retain and condense still further an essentially marsupial
character of short internal gestation. Bandicoots produce young that are develop-
mentally and physically similar to those of other marsupials but that are produced
in an even shorter time (12 days).

CONCLUSIONS

We have argued for an evolutionary interpretation of the marsupial pattern of
reproduction as an effective alternative to that of eutherian mammals. Whereas
the overall investment of resources in reproduction is apparently similar in these
two groups, the partitioning of the reproductive investment between internal
growth and development (during gestation) and external growth and development
(during lactation) differs.
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We do not know what environmental conditions predominated at the time the
Metatheria and Eutheria diverged. Nor can we be certain whether the central
theme of marsupial reproduction, that of short internal gestation and low parental
investment at birth, suits marsupials particularly for the diverse environments
they currently inhabit. We maintain, however, that the marsupial mode of repro-
duction must have been favored by selection, perhaps in unpredictable environ-
ments. It is not a primitive state in the attainment of a more advanced eutherian
mode of reproduction, but rather it represents an alternative adaptation in mam-
malian reproduction.

SUMMARY

The major difference between metatherian and eutherian reproductive patterns
is the relative apportionment of maternal resources to gestation versus lactation,
not the total temporal and energetic investment in each reproductive attempt.
Gestation accounts for an average of 12% of the time from conception to weaning
in marsupials, whereas in placental mammals it accounts for 56% of this period of
development. Parental investment at birth is less in marsupials (litter weight
averages 0.09% of female body mass) than in eutherians (average 15.5%). How-
ever, total maternal effort is comparable in the two groups, since the litter weight
at weaning is similar for metatherians and eutherians of equivalent adult weight.
Metabolic rate does not seem to constrain reproductive adaptations.

Resorption of postimplantation embryos in placental mammals is not closely
linked to environmental conditions. Embryonic resorption, when it does occur,
would seem to be more costly and risky than terminating reproduction by cessa-
tion of lactation. Metatherian reproduction may confer advantages to the female
in unpredictable environments by protecting her ability to reproduce in the future.
Metatherian reproduction is best regarded as alternative, not inferior, to eutherian
reproduction. In fact, the reproductive mode of marsupials may be more derived
than that of eutherians.
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