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Placental Evolution in Therian Mammals
Kathleen K. Smith*

Introduction

One of the great transformations in the history of vertebrates involves the origin 
and early diversification of the mammals. Mammals are distinguished from other 
vertebrates by almost countless aspects of their anatomy, physiology, behavior, re-
production, and life history. Many of these features appear to have arisen as an in-
tegrated complex during the early evolution of mammals. An exceedingly detailed 
fossil record has aided our understanding of this transition, and decades of work 
have led to an understanding of many of the unique adaptations of this group. In 
particular, the intimate interdependence of reproduction, anatomy, and physiol-
ogy in mammals and their roles during the transition to the mammalian condition 
has presented a fascinating puzzle to vertebrate biologists (e.g., Crompton 1980; 
Crompton and Jenkins 1973; Crompton et al. 1978; Farmer 2000; Guillette and Hot-
ton 1986; Hopson 1973; Jenkins 1984; Kemp 2006, 2007; Koteja 2012; McNab 1978; 
Pond 1977; Ruben 1995).

While the origin of mammals has provided one set of puzzles, the diversification 
of mammals is also ripe with questions. Three extant major groups of mammals 
exist. Monotremes retain many primitive features and are generally considered to 
have diverged from the therians in the Triassic to Jurassic periods (e.g., O’Leary  
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et al. 2013, Luo 2007). The therians comprise the euthe-
rians1 or placentals and the metatherians or marsupials; 
these groups diverged sometime in the Jurassic to early 
Cretaceous periods (e.g., O’Leary et al. 2013, Luo 2007). 
Among the living mammals differences in reproductive 
strategies are perhaps the most intriguing. By definition 
all mammals nourish young postnatally by maternal 
provision of milk; however, other aspects of reproduc-
tion differ. Monotremes are oviparous2 and the hatch-
ling is altricial. Both therian groups are viviparous, 
but differ in other aspects of reproductive strategy. 
Marsupials give birth to highly altricial young after a 
short period of maternal nutrition via a placenta. Eu-
therian newborns are all born after a relatively long or 
intensive period of intrauterine development with a 
well- developed placenta and may be altricial or pre
cocial. These differences in reproductive strategy are 
among the most consistent defining characteristic of 
these clades. Although these differences had been rec-
ognized for well over a century, in the late 1970s and 
early 1980s a particularly lively debate on the potential 
reasons for and consequence of these differences arose.

Much of this debate was stimulated by Lillegraven 
(Lillegraven 1969, 1975, 1984, 2004; Lillegraven et al. 
1987) who sought the causes and consequences of the 
“marsupial- placental dichotomy.” Lillegraven proposed 
that the critical elements differentiating the two clades 
arose from the differences in the capacities of the pla-
centa. He maintained that the eutherian placenta dif-
fered from all other vertebrates in allowing “intimate 
apposition of fetal and maternal tissues and circulatory 
systems” with “sustained, active morphogenesis” ac-
companied by immunological protection of the fetus 
from the mother. Lillegraven proposed that this capac-
ity was due to the trophoblast, which he believed was 
a unique “invention” of eutherians. He argued that be-
cause marsupials lacked a trophoblast they were unable 
to maintain a prolonged, active intrauterine gestation 
and therefore were constrained to a primitive state of 
reproductive capacity. Lillegraven further hypothesized 

that this reproductive limitation imposed constraints 
on the subsequent development and evolution of mar-
supials. Finally he argued that the eutherian placenta 
was a key innovation and the ultimate source of many 
of the characteristics that have led to the great diver-
sification and relative dominance of eutherians today 
(Lillegraven et al. 1987).

This view was countered by several authors (e.g., 
Hayssen et al. 1985; Kirsch 1977a, 1977b; Low 1978; Parker 
1977) who believed that it was unlikely that marsupial 
biology was the result of being stuck at an intermediate 
stage of evolution or was fundamentally constrained. In-
stead, they proposed, the marsupial mode of reproduc-
tion should be thought of as an alternative strategy that 
provided greater maternal control of reproductive re-
sources. Additionally, these authors argued that although 
marsupials exhibit less overall diversity than eutherians, 
they exhibited a large range of anatomical, ecological, and 
physiological adaptations, casting doubt on the hypoth-
esis that their evolution was fundamentally constrained. 
Tyndale- Biscoe and Renfree (e.g., Renfree 1983, 1993, 1995, 
2010; Tyndale- Biscoe 2005; Tyndale- Biscoe and Renfree 
1987) portrayed reproduction in monotremes, marsupi-
als, and eutherians as a continuum, with underlying simi-
larity but differing emphases on maternal nutrition via 
the placenta or lactation. They emphasized that marsupi-
als, by placing emphasis on lactation, lacked some of the 
adaptations of eutherians for intrauterine gestation, but 
also possessed a number of distinct adaptations of their 
own, particularly for specialized lactation. Examination 
of the consequences of the reproductive differences has 
continued to the present time with a large number of 
recent studies exploring comparative development in 
marsupial and eutherian mammals and its evolutionary 
consequences (e.g., Bennett and Goswami 2011; Cooper 
and Steppen 2010; Goswami et al. 2009, 2012; Kelly and 
Sears 2011; Keyte and Smith 2010, 2012; Sánchez- Villagra 
2013; Sánchez- Villagra et al. 2008; Sánchez- Villagra and 
Maier 2003; Sears 2004, 2009; Smith 1997, 2001, 2006; Va-
glia and Smith 2003; van Nievelt and Smith 2005; Weis-
becker 2011; Weisbecker and Goswami 2010; Weisbecker 
et al. 2008; Weisbecker and Sánchez- Villagra 2007).

While there have been a number of studies that 
have addressed hypotheses on the development, adap-
tations, and diversity of marsupials, there has not been 
as much focus on the hypothesis that the trophoblast 
and placenta are unique innovations of eutherians. In 

1. The terms marsupial and eutherian will be used in an informal 
sense throughout this paper. Properly the crown group of extant euthe-
rians should be termed the Placentalia (Rougier et al. 1998; Asher and 
Helgen 2010), equivalent to the crown group Marsupialia. However, as 
this paper is on the evolution of the placenta, the term eutherian will be 
used for the crown group to avoid awkward constructions such as “the 
placenta in placentals”.

2. Terms in bold are defined in table 12.1.
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recent years a great deal of new data on the basic biol-
ogy of reproduction in mammals has emerged. These 
data provide new insight into the anatomy, physiology, 
and phylogeny of the placenta within mammals and in 
nonmammalian amniotes and allow evaluation of this 
fundamental hypothesis. In addition, in the last sev-
eral decades, entirely new research areas arising from 
the discovery of genomic imprinting and the proposal 
of the theory of maternal- fetal conflict have emerged. 
Therefore the time is ripe for a fresh look at the issues 
surrounding the evolutionary patterns and significance 
of reproductive strategies in mammals.

In this review I will examine data on the function 
and evolution of the placenta in therian mammals. My 
intent is not to revisit the original debate or to provide 
a detailed critique of past discussions, but instead I will 
focus on the evolution of the placenta. I will summarize 
new data on the variation in placental morphology in 
both marsupials and eutherians, the relation between 
placental form and development, and new phylogenetic 
analyses of placental form. I will then discuss compara-
tive aspects of reproduction in marsupials and eutheri-
ans with particular focus on maternal- fetal conflict and 
maternal control of reproductive effort. My hope is to 
shed new light on the significance of variation in repro-
ductive patterns in therian mammals and ultimately on 
the role that reproduction may have played in the origin 
and diversification of mammals.

The Placenta: A Brief Overview

In vertebrates viviparity has evolved many times. In 
some taxa this includes the evolution of a specialized 
interface, the placenta, between fetal and maternal tis-
sues for the transfer of nutrients. In others it consists 
of retention of the egg or embryo with little or no nutri-
tion provided by the mother beyond the initial yolk. In a 
few taxa viviparity involves adaptations for embryonic 
consumption of maternal tissues, specialized eggs, or 
littermates (reviewed in Blackburn 2006; Shine 1995; 
Wake 1993). In amniotes viviparity is common in squa-
mates, where it has evolved independently at least 100 
times, and characteristic of therian mammals. In most 
viviparous squamates nutrition is still largely provided 
by the yolk, but in many, fetal membranes are special-
ized for gas, water, and mineral exchange (reviews in 
Blackburn 2006 and Blackburn and Flemming 2009; 

Flemming and Blackburn 2003; Stewart and Thompson 
2003; Thompson and Speake 2006). In all mammals and 
many squamates the mother provides nutrition beyond 
the yolk. This nutrition can be provided in two major 
ways: histotrophically, where specialized uterine se-
cretions are absorbed by extraembryonic or placental 
tissues, and hematrophically where nutrients, waste 
products, and gas are exchanged between maternal and 
fetal blood supplies.

In therian mammals and many squamates the pla
centa facilitates the transfer of maternal provision to 
the fetus. Placentae are by most definitions structures 
consisting of the apposition of specialized maternal and 
fetal tissues for physiological exchange (e.g., Mossman 
1937). In mammals and other amniotes the fetal side 
of the placenta generally develops from the specialized 
extraembryonic membranes of amniotes (the primitive 
yolk sac along with the chorion, amnion, and allan
tois) while the maternal side involves specializations of 
the endometrium. It is important to note that a special-
ized placenta is not a eutherian or even a mammalian 
invention, but instead is seen in many vertebrates. In 
squamates the convergence is “astonishing” (Black-
burn and Flemming 2009) and can exist on the morpho-
logical, physiological, and genetic level (e.g., Brandley  
et al. 2012). The anatomy and function of the placenta in 
mammals have been well studied; these studies reveal 
extraordinary morphological and functional variability. 
Comprehensive reviews of placental morphology may 
be found in many sources (e.g., Carter 2001; Carter and 
Mess 2007, 2008; Carter et al. 2004; Enders and Carter 
2004, 2012a, 2012b; Freyer et al. 2001, 2003, 2007; Freyer 
and Renfree 2009; Luckett 1977; Mess and Carter 2006, 
2007; Mossman 1937; Wooding and Burton 2008 and 
references therein). Here I briefly introduce terminol-
ogy important for the remaining discussion.

As mentioned above the placenta is a structure 
that depends on the interaction of fetal and mater-
nal elements. The fetal elements arise from the extra- 
embryonic membranes of amniotes, the chorion, the 
allantois, and the amnion. Together with the yolk sac 
these membranes combine to form the membranes of 
the egg in egg- laying species, or the fetal contribution 
to the placenta in animals with a placenta. In both egg- 
laying and placental amniotes the amnion surrounds 
the embryo, while the chorion may fuse with either the 
yolk sac (vitelline membrane) or allantois to form the  
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choriovitelline or chorioallantoic membrane, re-
spectively. In animals with placentae, these membranes 
are closely apposed to maternal epithelium to form 
chorioallantoic or choriovitelline placentae (table 12.1; 
fig. 12.1). In many egg- laying amniotes, including most 
squamates as well as monotremes, the chorioallantoic 
and choriovitelline membranes are both well devel-
oped; the chorioallantois thought to be largely responsi-
ble for gas exchange and the choriovitelline membrane 
for nutrition.

A yolk sac or choriovitelline placenta is present 
in early development in both marsupials and eutheri-
ans (Freyer and Renfree 2009). In addition to serving 
as an early site of nutrient exchange, it is important in 
production of growth factors, binding proteins, and re-
ceptors, as well as hematopoiesis, cholesterol produc-
tion, and transfer of nutrients in all mammals. It forms 
the final functional placenta in most marsupials. In 
most eutherians, the yolk sac is reduced, and the cho
rioallantoic placenta is the final functional placenta. 

Chorioallantoic placentae are found in several marsu-
pials as well, at least transitorily, and in peramelids 
the chorioallantois contributes to the final functional 
placenta.

In therians there is also significant variation in the 
degree that fetal tissues invade the uterine lining. This 
trait is independent of the specific fetal membranes 
contributing to the placenta (table 12.1; fig. 12.2). The 
least invasive type, the epitheliochorial placenta, in-
volves contact between the epithelia of the chorion and 
the uterus. There is no erosion or invasion of the uter-
ine lining by fetal tissues, and nutrients diffuse through 
several cell layers. In endotheliochorial placentae em-
bryonic tissues invade the uterine lining and are in con-
tact with the endothelium of the maternal blood vessels. 
Finally, in the most invasive condition, the hemocho
rial placenta, fetal tissues have eroded maternal blood 
vessels, so that maternal blood accumulates in spaces 
within the chorioallantois. These categories are of-
ten further subdivided. Tremendous variation and also 

table  12 .1  A glossary of important terminology

General characteristic Important terminology Functional notes

Reproductive type Viviparous Female gives birth to live young. This term includes a wide range of 

conditions from ovoviviparity, where eggs are retained within ovi-

duct or uterus with no provision of nutrients beyond initial yolk, to 

placental viviparity where elaborate adaptations exist for maternal 

nutrient provision. Many intermediate forms exist.

Oviparous An egg is laid and no further nutrition provided by mother before 

hatching.

Form of newborn young Altricial Young is small and poorly developed at birth. In general eyes are 

closed, and minimal thermoregulation and locomotion capacity  

exist. Requires a long period of postnatal care by parents.

Precocial Young is relatively independent at birth: eyes open, generally capable 

of locomotion. May be provisioned for variable period by parent.

Placenta A structure composed of fetal and maternal tissue adapted for physi-

ological exchange. May have many specific forms and may be 

responsible for many kinds of exchange.

Type of intrauterine provision 

of nutrients

Histotrophic Secretions from the uterine lining are absorbed by vasculature in fetal 

membranes.

Hematrophic Placental adaptations exist for fetal blood supply to interact with 

maternal blood supply and absorb nutrients and gasses directly 

from it.

Precursor to extraembryonic 

membrane

Trophectoderm or 

trophoblast

Portion of blastocyst that gives rise to ectodermal portions of the cho-

rion. Two terms generally considered to be homologous (for further 

information see table note).
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table  12 .1  (continued)

General characteristic Important terminology Functional notes

Extraembryonic membrane

 (primitive)

Yolk sac membrane Initially formed by enclosure of yolk (or hollow blastocyst) by meso-

dermal cells from embryonic disc; migration of endoderm forms 

bilaminar yolk sac. Primitive function nutritive.

Extraembryonic membrane

 (derived in amniotes; their 

presence defines the 

cleidoic egg)

Chorion Develops from trophectoderm and extraembryonic mesoderm. Gen-

erally nonvascular. Primitive function gas exchange.

Allantois Forms from extraembryonic endoderm and mesoderm. Readily vascu-

larizes. Primitive function waste removal.

Amnion Forms either from the chorion or extraembryonic ectoderm. Forms 

protective cavity around developing embryo.

Membrane/placental type Choriovitelline Membrane is formed from the yolk sac membrane and chorion. In 

some species/some regions a second invasion of mesoderm vascu-

larizes the yolk sac to form trilaminar yolk sac. When this mem-

brane forms the embryonic contribution to the placenta, it is called 

a choriovitelline placenta.

Chorioallantoic Membrane is formed from chorion and allantois. Vascularization is via 

allantois. When this membrane forms the embryonic contribution 

to the placenta, it is called a chorioallantoic placenta.

Fetal- maternal interface Epitheliochorial No layers removed; epithelium of uterus in contact with epithelium of 

chorion.

Synepitheliochorial

(syndesmochorial)

Syncytium of maternal- fetal cells at interface (a subdivision of epithe-

liochorial placentation).

Endotheliochorial Erosion of uterine lining by trophectoderm so that chorion is in con-

tact with the endothelium of maternal blood vessels.

Hemochorial Maternal blood in direct contact with chorion and placental tissues 

derived from fetus.

Nature of interdigitation Villous The geometry of the contact between maternal and fetal tissues in 

the placenta. The categories listed represent increasing surface area 

of contact between maternal and fetal tissues. Many intermediate 

conditions.

Folded trabecular

Lamellar trabecular

Labyrinthine

Shape of placenta Diffuse Maternal- fetal interface scattered on surface of chorion.

Cotyledonary Areas of contact limited to distinct cotyledons.

Zonary Fetal portion of placenta contacts uterus in a central band.

Discoid Distinct disc for contact between fetus and uterus.

Cell fusion Syncytium Fusion of cells into a multinucleate tissue. May be fusion of fetal 

(chorional) cells only, or fusion of fetal cells with maternal cells. 

Appears to require capture of retroviral gene syncytium by host 

genome.

Note: Major terms and features of reproductive biology and placental morphology used in this paper. See Wooding and Burton (2008) and references in text for 
more information on placental types. The terminology for the trophectoderm/trophoblast deserves particular note. Although Lillegraven (2004) has continued 
to argue that the trophoblast of eutherians is unique, virtually all workers on early development consider the trophoblast and the trophectoderm, a more general 
term, to be homologous (e.g., Johnson 1996; Johnson and Selwood 1996; Moffett et al. 2006; Renfree 2010; Selwood and Johnson 2006; Taylor and Padykula 
1978; Wooding and Burton 2008). Indeed, Hubrecht, who first coined the term trophoblast, explicitly includes the extraembryonic membrane of marsupials in his 
definition of the trophoblast (Pijnenborg and Vercruysse 2013).
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homoplasy exists within this simple scheme (e.g., End-
ers and Carter 2012a, 2012b; Wooding and Burton 2008). 
It is important to note that hematrophic nutrition does 
not require a hemochorial placenta.

In addition to the degree of tissue invasion there 
is variation in the way maternal and fetal tissues inter-
digitate as well as in the overall shape of the placenta 
(table 12.1). For example, the specific geometry of con-
tact between maternal and fetal tissues may be villous, 
trabecular, or labyrinthine (table 12.1). These differ-
ent arrangements of interdigitation change the rela-
tive surface area in contact between maternal and fetal 
tissues and may be of major significance in placental 

function (Capellini 2012). The three features of placen-
tal morphology— degree of invasiveness, type of inter-
digitation, and general shape— show some phylogenetic 
correlation, but also independent evolution (e.g., Capel-
lini 2012; Elliot and Crespi 2009; Wildman et al. 2006).

A final feature of interest is the formation of syncy
tia within placental tissues. A syncytium is the fusion 
of cells to form a multinucleate tissue. In many species 
syncytia form in placental tissues, and in a few (e.g., eu-
therian ruminants, marsupial peramelids) a syncytium 
of maternal and fetal cells forms (Wooding and Burton 
2008). It is thought that this acellular tissue allows more 
efficient transfer of nutrients. In recent years it has been 

fig. 12.1 Schematic views of extraembryonic membranes and placentae in A, the amniote “morphotype”; B, monotremes (a similar arrange-

ment is seen in squamates); C, most marsupials; and D, eutherians. The primitive amniote condition with both chorioallantoic (CA) and 

choriovitelline (CV) membranes are also seen in most squamates and also monotremes. In these animals the chorioallantoic membranes are 

largely respiratory while the choriovitelline membranes are important in nutrition. In marsupials and eutherians (and some squamates) these 

extraembryonic membranes join with the uterine lining to form placentae. In many marsupials the chorioallantoic membrane is present for part 

of gestation and is replaced by the choriovitelline membrane as the final placenta. In all illustrations the darkest gray represents membranes 

derived from ectoderm, medium gray from endoderm, and light gray from mesoderm. The cavity with stippled lines is the amnion, irregular 

stippling is the yolk sac, and solid lines indicate the allantois. The chorion forms the outermost layer in all forms. The arrows point to regions 

where a second layer of mesoderm has invaded, providing vascularization and contributing to a trilaminar placenta. Redrawn from Ferner and 

Mess (2011).
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shown that in several eutherians the formation of syn-
cytia depends on the presence of the retroviral gene 
syncytin. Interestingly, retroviral syncytin genes seem to 
have been independently captured by primates, rodents 
(mice), lagomorphs, and carnivores, and it is presumed 
that they will be present in all mammals with placental 
syncytia although they have not yet been identified in 
marsupials (e.g., Blaise et al. 2003; Cornelis et al. 2012; 
Harris 1998; Heidmann et al. 2009; Mi et al. 2000). The 
capture of retroviral genes has been proposed to have a 
general role in the evolution of the placenta (e.g., Chuong 
2013; Haig 2012).

Evolutionary Patterns: Marsupials

The marsupial constraint hypothesis claims that mar-
supials are limited to a short intrauterine period, an in-
efficient yolk sac placenta, and altricial young because 
they are unable to develop the critical adaptations for 
intimate and prolonged gestation seen in eutherians. It 
is almost impossible to confirm or refute a claim of evo-
lutionary constraint; however, one may look at the cor-
ollaries of this hypothesis to see if they are supported 
by variation in existing organisms. In particular, an 
im plication of this hypothesis is that more “eutherian- 
like” conditions are derived, while the primitive con-
dition in marsupials would reflect the constraints of 

short gestation, highly altricial young, and simple pla-
centae. More specifically, we can make the following 
predictions:

 1) in marsupials, highly altricial young would be the 

primitive condition and more precocial young the 

derived condition.

 2) close maternal- fetal interaction (i.e., invasive, 

syncytial placentae) would be a derived condition 

within marsupials.

 3) increased invasiveness of the placenta would 

correlate with a more precocial young, as would 

elaboration of mechanisms for hematrophic, as 

opposed to histotrophic, nutrition.

The Altricial Precocial Spectrum in Marsupials

When compared to eutherians, the marsupial neonate 
appears highly altricial and relatively invariant. Nonethe-
less, variation exists. Hughes and Hall (1988) define three 
grades of marsupial newborns that they termed G1, G2, 
and G3 (table 12.2; fig. 12.3). These three grades correlate 
with the time between primitive streak formation and 
birth and also neonatal size. They represent distinct lev-
els of development, with external features, musculoskel-
etal elements, and internal organs (e.g., lungs, digestive 

fig. 12.2 Schematic view of the layers of maternal and fetal tissue in placentae. A, Epitheliochorial placentae, where the epithelium of the 

maternal (uterine lining/decidua) and fetal tissues (chorion) are in contact; B, endotheliochorial placentae, where the fetal tissue (chorion) is 

in contact with the endothelium of the maternal blood vessels; C, hemochorial placentae where maternal blood circulates in spaces within the 

fetal tissue. In all illustrations, small cells represent the epithelial layer; light gray, the tissue the maternal placenta/decidua; and dark gray, the 

fetal/placental tissue. The circular forms are red blood vessels or blood cells. Redrawn from Ferner and Mess (2011).
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table  12 .2  Major characteristics of grades 1, 2, and 3 in marsupial neonates

Grade 1 Grade 2 Grade 3

Examples Dasyuridae

Tarsipes (?)

Peramelids

Didelphids

Trichosurus

Macropus species

Neonatal weight 3– 20 mg 100– 300 mg 300– 900 mg

Eye No retinal pigmentation, no vis-

ible eye primordial or lids

Pigmentation, visible  

primordial

Prominent primordial,  

pigmented ring

Manus Metacarpals just differentiating Intermediate Phalanges and metacarpals  

separated by joint capsules

Hind limb primordial Undifferentiated paddle Some digit differentiation Early digital separation

Lung Few partitions, superficial 

capillaries

Intermediate Enlarged lung, highly subdivided, 

rich vascularization

Tongue muscles Multinucleate tubes; immature 

striations

Striations Mature striations

Metanephric kidney Ureteric bud Primitive ureter, secondary 

branching

Terminal branching, collecting 

ducts

Sources: Characters from Hughes and Hall (1988); body weight from Tyndale Biscoe and Renfree (1987).

fig. 12.3 Neonates representing the altricial precocial spectrum in marsupials. A, Precocial marsupial, Macropus eugenii; B, ultra- altricial mar-

supial neonate, Dasyurus viverrinus; C, “intermediate” marsupial, Monodelphis domestica. These are not drawn to scale, but illustrate the relative 

differentiation of cranial and limb structures at birth in each taxon. The arrows represent the ear opening; note the lack of features between 

the ear and the nasal opening in the dasyurid. Also note the extreme difference in development of the fore-  and hind limb in the ultra- altricial 

dasyurid.

You are reading copyrighted material published by University of Chicago Press. Unauthorized posting, copying, or distributing 
of this work except as permitted under U.S. copyright law is illegal and injures the author and publisher.



213placental evolution in  therian mammals

tract, and UG systems) at differing levels of functional-
ity at birth. At one end of the spectrum are ultra- altricial 
species such as Sarcophilus (the Tasmanian devil) and 
other dasyurids. These animals often weigh significantly 
less than 20 mg at birth and are born after an extremely 
short gestation. Anatomical systems are minimally devel-
oped. At the other end are many macropodids, weigh-
ing between 300 and 900 mg at birth, with relatively long 
periods of development and relatively well-developed 
anatomy and physiology. The intermediate grade is most 
common and includes peramelids, most phalangers, di-
delphids, and representatives of many other taxa. These 
neonates are generally intermediate in developmental 
time, morphological development, and weight (table 12.2).

These three grades of altriciality do not represent 
an evolutionary gradation within marsupials. The “in-
termediate” condition appears to be primitive (fig. 12.4). 
It is found consistently in the didelphids, the basal 
group of marsupials, and is also widespread across the 
marsupials. Both the relatively precocial grade and also 
the ultra- altricial state are derived. The ultra- altricial 

condition appears to have evolved twice as it is seen in 
dasyurids and also in the honey possum, Tarsipes ros-
tratus. This latter species is embedded within the clade 
that includes the macropodids (Kavanagh et al. 2004). 
Newborn T. rostratus weigh 3– 6 mg (about the weight of 
a single, dry grain of rice), with an unknown, but “very 
brief” period of active gestation (Renfree et al. 1984). 
The fact that an extremely short gestation period and 
an ultra- altricial young is derived within marsupials, 
more than once, strongly suggests that ultra- altriciality 
is of evolutionary advantage, the result of selection, and 
not simply the result of primitive constraints due to an 
inefficient placenta.

Placentation in Marsupials

Although elements of the anatomy of the placenta in 
marsupials have been studied since Hill in the early 
1900s, recent work has added considerably to our un-
derstanding and allows a deeper and more compre-
hensive view of placental evolution in marsupials. This 

fig. 12.4 Major characteristics of marsupial development and placenta form plotted on a phylogeny (redrawn from Nilsson et al. 2010). The 

cladogram of marsupials is highly reduced, with many clades missing. Neonatal grade represents the altricial precocial spectrum as shown  

in figure 12.3, with 1 representing the most altricial neonates, and 3 the best developed. The other columns represent invasive placentae  

(i.e., evidence of an endotheliochorial placenta), the presence of syncytium, the presence (at least transitorily) of a chorioallantoic membrane. 

A plus sign (+) represents a character that is closer to the eutherian condition (with ++ representing much closer), while a dash (- ) represents 

a character that is further from the condition seen in eutherians. The final category represents whether or not evidence exists for hematrophic 

nutrition, again a condition thought to be primitive for eutherians. This illustration demonstrates that the most precocious neonates develop 

with placentae least like the primitive eutherian condition.
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work has shown that in marsupials although the pla-
centa is functional for a relatively brief time, it shows a 
wide range of variation in morphology and function and 
is well developed in many species.

A choriovitelline or yolk sac placenta is present at 
least as a transitory structure in both marsupials and eu-
therians (Freyer and Renfree 2009). In most marsupials 
the choriovitelline placenta forms the functional placenta 
throughout gestation. In bandicoots, dasyurids, and wom-
bats a chorioallantois is also present at least transition-
ally (Freyer et al. 2003; Freyer and Renfree 2009; Hughes 
1974; Tyndale- Biscoe and Renfree 1987). The broad phylo-
genetic distribution of a chorioallantois as well as its im-
portance in monotremes and viviparous squamates has 
led Freyer et al. (2003) to speculate that a chorioallantoic 
contribution to the placenta may have been primitively 
present in marsupials and subsequently lost in many.

In many marsupials the placenta is epitheliocho
rial as there is no loss of tissue layers between the 
chorion and the maternal circulation. However, in many 
marsupials there is erosion of the epithelium of the 
uterus by the fetal tissues, to produce at least a partial 
endotheliochorial placenta. Hill (1900) first described 
the invasive placenta of dasyurids (see also Hughes 
1974 and Roberts and Breed 1994). In Dasyurus viver-
rinus placental cell processes grow to enclose the capil-
laries underlying the maternal epithelium. Fetal tissue 
is fused into a syncytium, and maternal blood is in 
close approximation to the yolk sac and chorion. The 
same condition of eroded maternal epithelium by pla-
cental tissues is also seen in the dasyurid, Sminthopsis 
crassicaudata (Hughes 1974; Roberts and Breed 1994). 
In Monodelphis the choriovitelline placenta is also inva-
sive (Zeller and Freyer 2001); it penetrates the maternal 
epithelium at regular intervals, leading to close associa-
tion of fetal tissues and maternal capillaries. In Mono-
delphis as in dasyurids, syncytia form in fetal tissues. 
Recent studies (i.e., McGowen et al. 2013) have shown 
that the placenta in marsupials such as Monodelphis 
expresses a wide range of genes and that it is metaboli-
cally active with many adaptations for the transfer of 
nutrients between maternal and fetal tissues.

Perameles has the most invasive placenta of any 
marsupial with a highly vascularized invasive chorio
allantoic membrane. This endotheliochorial chorio
allantoic placenta forms the functional placenta 
through to the final stages of gestation (Freyer et al. 

2003; Hughes 1974; Padykula and Taylor 1976, 1982). As 
in some other taxa a syncytium forms, but, in Perame-
les the syncytium results from a fusion of maternal and 
fetal cells. This forms a single tissue layer, which pro-
vides intimate contact between fetal cells and maternal 
circulation.

In contrast to the above species, Macropus eugenii 
and other macropodids lack most of these adaptations 
for close maternal- fetal interaction (Freyer et al. 2007). 
The placenta is solely formed from a bilaminar chorio-
vitelline membrane, is not invasive, and does not form 
syncytia.

Histotrophic versus Hematrophic Nutrition

In monotremes the egg receives histotrophic nutrition 
before being laid, and it is often assumed that histo-
trophic nutrition is primitive in therians. Indeed, Lille-
graven (1969) asserted that with the possible exception 
of Perameles, marsupials were limited to histotrophic 
nutrition while in utero. It appears that initially there is 
significant histotrophic nutrition in all marsupial taxa. 
However, in Monodelphis, for example, histotrophic se-
cretions are replaced by hematrophic nutrition as the 
trilaminar choriovitelline membrane invades the uter-
ine lining and establishes close association between fe-
tal tissues and maternal circulation (Zeller and Freyer 
2001). It is likely that all marsupials with invasive, vas-
cularized placentae such as peramelids, dasyurids, and 
some didelphids utilize significant hematrophic nutri-
tion. In contrast in M. eugenii and other macropodids, 
hematrophic nutrition never develops, but instead,  
M. eugenii develops extensive and enhanced adapta-
tions for increased histotrophic nutrition (Freyer et al. 
2007). These include well- developed uterine glands for 
secretion and high levels of nutrients in the fluids of 
the uterus.

The phylogenetic distribution of these traits allows 
us to trace evolutionary patterns in marsupials and ar-
rive at tentative conclusions about potential constraints. 
First, both chorioallantoic and invasive (endotheliocho-
rial) placentae appear broadly in marsupials. This type 
of placenta has been thought to be characteristic of, 
and indeed limited to, eutherians, but it is possible that 
both a functional chorioallantois and an endotheliocho-
rial placenta are primitive in marsupials (Freyer et al. 
2003). Second, peramelids are uniformly recognized as 
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having the most “advanced” or eutherian- like placen-
tae. However, they do not use their advanced placentae 
to produce precocial young, but instead the invasive 
placenta allows them to reproduce particularly fast. As 
pointed out by Russell (1982) the rapidity of reproduc-
tion in bandicoots is remarkable. Their gestation length 
is short (12– 13 days); weaning time is early (50– 60 days), 
and the delay between weaning and the birth of the next 
litter inconsequential (peramelids mate while lactating 
and give birth immediately after a litter is weaned). The 
possession of highly invasive placentae does not corre-
late with the supposed advantageous long gestation or 
precocial young but instead rapid reproduction. Third, 
invasive, syncytial placentae are also seen in dasyurids, 
whose young are ultra- altricial, again arguing against a 
relation between precociality and placenta type.

Finally, the most precocial marsupial young are 
produced by the placentae that least resembles the 
“eutherian condition” as envisioned by Lillegraven. Mac-
ropodids produce relatively large, relatively precocial, 
single young. The placenta is bilaminar, noninvasive, 
and does not form syncytia. Importantly, hematrophic 
nutrition never develops, and a sophisticated method 
of nutrient delivery via histotrophic means is present 
(Freyer et al. 2007). In addition, macropodids also ap-
pear to have the most advanced level of hormonal inter-
play between the placenta and the mother so that the 
“feto- placental unit is capable as in all eutherian mam-
mals of redirecting maternal physiology” (Renfree 2010; 
see also Renfree 2000).

These patterns of placental function provide very 
little to support the view that there is an overriding 
or basic constraint on marsupial placental function. 
Marsupials exhibit a wide range of placental adapta-
tions that appear related to variation in reproduction 
patterns that match complex life history requirements 
(Fisher et al. 2001). There is no correlation between 
neonate grade and any particular characteristic of pla-
cental function. Further, marsupials are clearly capable 
of developing sophisticated maternal- fetal contact via 
placental structure, significant histotrophic and/or he-
matrophic nutrition, and significant hormonal interplay 
between the fetus, placenta, and mother (reviewed in 
Bradshaw and Bradshaw 2011; Renfree 2010; Tyndale- 
Biscoe and Renfree 1987). All evidence points to a strat-
egy of maternal- fetal interaction under selection rather 
than limited by fundamental constraints.

One more point often thought to be unique to eu-
therians is the immune protection of the fetus. Lille-
graven (1975, 713) proposed that “the major barrier 
between the fetal antigens and maternal antibodies is 
an anatomical one, consisting of the placental tropho-
blast and its noncellular components.” Recent work 
suggests that such protection is not a unique feature 
of the trophoblast, but involves wide- scale modulation 
of the immune system and maternal physiology. It is 
impossible to directly test whether marsupials have 
the evolutionary capacity to develop mechanisms for 
immunological protection. Attempts to induce an im-
mune reaction by multiple mating of a female to the 
same male produce no heightened immunological re-
sponse, suggesting immune protection is not a current 
constraint (e.g., Rodger et al. 1985; Walker and Tyndale- 
Biscoe 1978).

There is some question about whether animals with 
epitheliochorial placentae (as in the majority of marsu-
pials) face a large immunological challenge as contact 
is limited to an interface between epithelia. Embryos in 
such cases have been likened to “commensal bacteria in 
the gut,” provoking little or no immune response (Mof-
fett and Loke 2006). It is a critical issue in mammals 
with hemochorial placentae; however, even in these 
cases, recent work demonstrates that such protection 
is due not only to characteristics of the trophoblast 
(chorion) but instead complex regulation and modula-
tion of gene expression in the decidua of the uterus, the 
maternal immune system as well as placental tissues 
(e.g., Arck et al. 2007; Kumpel and Manoussaka 2012; 
Moffett and Loke 2004, 2006; Mor and Cardenas 2010; 
Nancy et al. 2012; Yoshinaga 2012). This multisystem re-
sponse makes it unlikely that the eutherian chorion is 
an invention that is responsible for immune protection 
during gestation.

Placenta Evolution in Eutherians

The placenta in eutherian mammals is well developed 
and also highly variable (table 12.1). For many years it 
was thought that the epitheliochorial condition was 
primitive and that the more intimate connections of 
the endotheliochorial and hemochorial were derived 
in eutherians (reviewed in Luckett 1993). There were 
a number of reasons this hypothesis was appeal-
ing. It was thought that marsupials were limited to 
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epitheliochorial placentae and thus this type character-
ized the outgroup to eutherians. Further, the evolution-
ary transition from less elaborate maternal- fetal contact 
to more elaborate and intimate interchange appeared to 
be parsimonious as a functional scenario. Finally, and 
perhaps not incidentally, humans and other anthropoid 
primates exhibit an intimate hemochorial placenta; the 
condition in humans was assumed to be the advanced 
and not the primitive condition. Recently our under-
standing of the evolution of the placenta in eutherians 
has been reversed, largely because of new understand-
ing of mammalian phylogeny. When modern phyloge-
nies have been used to reconstruct patterns of placenta 
evolution, the most parsimonious reconstruction places  
the epitheliochorial (least invasive) condition as derived  
(fig. 12.5). Some models have reconstructed the hemo-
chorial condition as primitive while others cannot re-
solve whether the hemochorial or endotheliochorial 
placenta is primitive (e.g., Elliot and Crespi 2009; Mar-
tin 2008; Mess and Carter 2007; Vogel 2005; Wildman et 
al. 2006).3 Thus, it seems almost certain that invasive 
placentae are primitive in eutherians, and the less inva-
sive epitheliochorial condition is derived.

Character state reconstructions of other aspects of 
placental morphology including the shape and nature 
of contact between maternal and fetal tissues also have 
reached the conclusion that more intimate maternal- 
fetal contact is primitive in eutherians and the derived 
condition represents evolution away from intimate con-
tact. Most phylogenies reconstruct the labyrinthine, 
discoid placenta (see table 12.1) as primitive (e.g., Capel-
lini 2012; Elliot and Crespi 2009; Wildman et al. 2006).

This somewhat unexpected result has stimulated a 
number of studies on the evolutionary and functional 
significance of differing placental morphologies. Le-
witus and Soligo (2011) find two predominant “con-
stellations” of placental morphology and life history 
characteristics in eutherians (table 12.3). Hemochorial, 
labyrinthine placentae are most often found in euthe-
rians with small, altricial young, born after short ges-
tations. These animals tend to have large litters, short 
times to weaning, and high reproductive turnover. In 
contrast, epitheliochorial (noninvasive), villous, or tra-
becular (less interdigitated) placentae are most often 
found in animals with long life spans, large precocial 
young, and long periods of gestation and lactation.

3. There is tremendous homoplasy in all characters of the placenta, 
and it is likely that the simple categories of epitheliochorial, endothe-
liochorial, and hemochorial are not adequate to fully describe character 
state evolution. For example, Enders and Carter (2012a, 2012b) present 
multiple examples of clear homoplasy and possible independent evolu-

tion in both endotheliochorial and hemochorial placentae. Further, many 
taxa exhibit more than one condition through the course of pregnancy, 
so that the primitive condition for that taxon is difficult to reconstruct. 
Therefore it is likely that placenta evolution is more complex than ap-
pears in most phylogenetic reconstructions.

fig. 12.5 Placental variation in the Eutheria. 

Light gray represents taxa with epitheliochorial 

placentae; medium gray, taxa with hemochorial 

placentae; and dark gray, taxa with endothelio-

chorial placentae. Taxa with two colors represent 

clades with significant variation within the clade. 

Far more variation exists than is represented here. 

For example, within the rodents there are taxa 

with endotheliochorial placentae (Heteromyidae); 

individual taxa with epitheliochorial placentae 

are found in the shrews and the clade Afrotheria; 

hyenas, within the carnivores, have hemochorial 

placentae, etc. The colors represent character 

states of terminal taxa; no attempt has been made 

to represent ancestral character states. Compiled 

from the more complete representations of several 

sources (Elliot and Crespi 2009; Mess and Carter 

2007; Vogel 2005; Wildman et al. 2006).
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Capellini et al. (2011), who studied all therians in-
cluding marsupials, reached a similar conclusion. They 
found that degree of placental invasiveness and inter-
digitation type correlated with gestation length and fe-
tal growth rates. More interdigitated and more invasive 
placentae were associated with shorter gestation times, 
holding fetal brain and body mass constant. They found 
no correlation with placental type and either neonatal 
size or maternal size. Capellini et al. (2011) confirmed 
Elliot and Crespi’s (2008) result that there is a positive 
relation between more invasive placentae and neona-
tal brain size; however, they state that this relation is 
“minimal.” They concluded that the form of interdigi-
tation was the critical factor in determining gestation 
time and not invasiveness as hemochorial and endo-
theliochorial placentae were similar (see also Capellini 
2012). Several overall conclusions are important. Fast 
gestation is highly correlated with invasive placentae, 
and particularly placentae with a highly interdigitated 
interface between maternal and fetal tissues. Further, 
the production of large, fast developing litters, gener-
ally associated with altriciality is highly associated with 
labyrinthine (highly interdigitated) placentae.

Epitheliochorial placentae, with less interdigitation 
and less intimate contact between maternal and fetal 
placental layers, have independently evolved in sev-
eral taxa (fig. 12.5). They are most often found in large- 
bodied species such as cetaceans or perissodactyls with 
long gestation times and large, precocial young. Such 

taxa also appear to depend on increased histotrophic 
nutrition. This observation has led to the conclusion 
that less intensive placental types are advantageous 
in species with large young and long gestations be-
cause they protect the mother from excessive energy 
demands from the fetus (e.g., Capellini 2012; Capel-
lini et al. 2011; Carter and Mess 2007; Klisch and Mess 
2007; Wildman et al. 2006). Further, the switch to his-
totrophic from hematrophic nutrition may allow the 
female greater control of her reproductive resources, 
while allowing efficient and prolonged energy transfer 
between mother and fetus.4 There is no evidence that 
histotrophic nutrition is less efficient than hematrophic 
nutrition (Vogel 2005).

Thus, in eutherians there is tremendous variation 
in placental form and function. Further it appears that 
as in marsupials, in eutherians less invasive placen-
tae are derived and more precocial young rely more 
on histotrophic nutrition. Highly invasive placentae 

table  12 .3  Examples of the constellations of characters of placental morphology and  

life history traits in eutherian mammals identified by Lewitus and Soligo (2011)

Type I Type II

Placenta Epitheliochorial Hemochorial

Villous to trabecular Labyrinthine

Diffuse Discoid

Life history Long lifespan Short lifespan

Precocial young Altricial young

Small litter Large litter

Long gestation Short gestation

Large neonate Small neonate

Late weaning and maturity Early weaning and maturity

High interbirth interval Low interbirth interval

4. There are obvious exceptions to this broad overview. In particu-
lar the pattern seen in primates challenges this simple model. Hemocho-
rial, highly invasive placentae are found in the anthropoid primates;  
the condition in the hominoids, and in particular humans, is among the  
most intimate of maternal- fetal interactions seen in mammals. On the 
other hand, the lemuriformes are the only major group of mammals 
outside the perissodactyl/cetartiodactyl clade to have epitheliochorial 
placentae. They do not appear to fit the general correlation of large 
highly precocial young. It has been proposed that the possession of 
hemochorial placentae in anthropoids is related to large neonatal brain 
size (Martin 1996, 2008), which requires high rates of nutrient transfer 
during gestation.
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are generally correlated with the most altricial young 
and in particular animals with the fastest reproductive 
turnover. Why have we seen an evolution away from the 
highly invasive placentation types?

The Dark Side of the Placenta

In addition to new insight arising from our changing 
view of eutherian phylogeny and therefore the evolu-
tion of the placenta, our view of placental function has 
changed in the last 20 or so years with the development 
of new theories regarding maternal- fetal conflict and 
genomic imprinting.

These issues were first put forth clearly in a se-
ries of papers by David Haig (e.g., 1993). In short, the 
theory of maternal- fetal conflict states that a fetus is 
a hybrid  of maternal and paternal genes. In any case 
where the fetus has direct access to maternal nutri-
ent stores (as in placentation), a potential evolutionary 
conflict exists because the fetus (which is half paternal 
genes) and mother do not necessarily share the same 
long- term reproductive strategy. It is in the evolution-
ary interest of the fetal genes to consume the maximum 
maternal resources necessary for its own growth during 
its own developmental cycle. This is particularly true 
in cases where the mother mates with more than one 
male (in a breeding or over a lifetime). In contrast, it 
is in the evolutionary interest of the mother to allocate 
her energetic investment across the sum of all repro-
ductive efforts to increase her lifetime fitness. This is 
particularly important in animals that produce multiple 
litters. This conflict of interest may be easily controlled 
by the mother in cases where she directly provisions 
the young through active feeding, or lactation (as long 
as she can control access to milk). However, when the 
placenta— whose tissues are largely produced by the 
embryo— is responsible for the nutritional interchange, 
the mother’s ability to control her resources may be 
reduced.

Haig’s hypothesis took the maternal- fetal conflict 
theory a step further when he proposed that it was an 
evolutionary explanation for the then newly discovered 
phenomenon of genomic imprinting (e.g., Haig 1996, 
1998, 2000, 2004). Genomic imprinting was discovered 
about 25 years ago, and arose from the discovery that 
for some genes only one copy is expressed in the fetus. 
Depending on the gene, either the copy inherited from 

the mother or father is expressed. Two observations 
bolster the hypothesis that gene imprinting is related 
to maternal- fetal conflict. First, it has only been seen 
in clades in which the embryo has access to maternal 
resources during development: some insects, angio-
sperms, and therian mammals. It has been documented 
in both marsupials and eutherians but not in mono-
tremes or any other vertebrate (e.g., Renfree et al. 2012).

The second feature is that the specific genes ex-
hibiting imprinting are often found in the placenta or 
are important in fetal growth (e.g., Coan et al. 2005; 
Cross et al. 2003; Ferguson- Smith 2011; Ferguson- Smith 
et al. 2006; Fowden et al. 2006; Frost and Moore 2010; 
Gootwine 2004; Haig 1996, 2008; Hemberger 2007; Jir-
tle and Weidman 2007; Reik et al. 2003; Renfree et al. 
2008, 2009; Wang et al. 2013). Frequently when the pa-
ternal copy is the one that is expressed, fetal or placen-
tal growth is enhanced. The “canonical” example (e.g., 
Frost and Moore 2010) is the well- known Igf2 (insulin 
growth factor) system. Igf2 is a potent enhancer of fe-
tal growth, and disruptions in its function have been 
shown to disrupt normal growth in fetal mice. In hu-
mans and mice (as well as many other mammals) the 
paternal copy of the Igf2 gene is expressed, and fetal 
growth is enhanced substantially with higher levels of 
this product. The “tug of war” is made more complex in 
mice because the maternal copy of another gene is ex-
pressed, which functions to reduce the bioavailability of 
this protein. In humans there may be a parallel negative 
regulation of Igf2, but it is not as well characterized. Igf2 
has also been shown to be imprinted in marsupials as 
well as the other eutherians in which it has been stud-
ied (Ager et al. 2007; Killian et al. 2000).

We are still far from a complete understanding of 
the extent, function, and significance of imprinting for 
the vast majority of genes. The relation of imprinted 
genes to maternal- fetal conflict is still somewhat con-
troversial (e.g., Ashbrook and Hager 2013; Moore 2012), 
and not all imprinted genes discovered so far fit easily 
into the model of maternal- fetal conflict. For example, 
Keverne (2013) portrays some imprinted genes as being 
involved in a complex process of coadaptation between 
the mother and fetus. But both theoretical and empiri-
cal work suggests that in animals with close maternal- 
fetal exchange, genetic conflict should, and in fact does, 
exist. Many workers believe that both the tremendous 
variability in placental type seen in eutherians and the 
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overall evolutionary trend toward reduced intimacy of 
interaction in many mammals is in part maternal re-
sponses to this conflict (e.g., Capellini et al. 2011; Elliot 
and Crespi 2009; Enders and Carter 2012a; Garratt et al. 
2013; Vogel 2005; Wildman et al. 2006).

These hypotheses and data then allow us to exam-
ine the evolution of reproductive strategies of therian 
mammals in a new light. Previous workers (Hayssen 
et al. 1985; Kirsch 1977a, 1977b; Low 1978; Parker 1977; 
Tyndale- Biscoe and Renfree 1987) emphasized that the 
advantage of the marsupial strategy is that it allows the 
female more control of her reproductive efforts. This hy-
pothesis was largely couched in the context of ecology 
and overall energetics. Specifically it was argued that in 
the face of highly unpredictable resources the marsu-
pial reproductive strategy would be strongly advanta-
geous because a female could adjust her litter size or 
terminate her investment more easily during lactation  
than during internal gestation. The evolutionary signifi-
cance of this hypothesis was criticized (e.g., Morton et al.  
1982; Lee and Cockburn 1985), but there has been no 
real refutation of the statement that a female marsupial 
does retain greater control of litter size and her ability 
to allocate resources during a reproductive bout than do 
eutherians. The emergence of the maternal- fetal conflict 
theory in the past 20 years suggests that the control of 
resources by the mother during gestation is a general is-
sue in therians and not dependent on specific reproduc-
tive conditions. The maternal- fetal battle is a potential 
cost of prolonged active, intrauterine gestation, which 
may have had significant impact on the evolution of 
both marsupial and eutherian reproductive strategy.

Discussion and Summary

I started this review by revisiting the debate on the 
marsupial- placental dichotomy of the 1970s. However, 
our understanding of many aspects of mammalian re-
production has changed since that time. Marsupials 
were characterized as having minimal development of 
the placenta and, with the possible exception of per-
amelids, were thought to be largely dependent on histo-
trophic nutrition. Histotrophic nutrition was thought to 
be a primitive means of nourishing the young and gen-
erally less efficient. Marsupials were assumed to pro-
duce uniformly highly altricial young and, because of 
limitations arising from the lack of a trophoblast, to be 

unable to increase the complexity, length, or intensity 
of the maternal- fetal interface. Eutherians, on the other 
hand, were seen as initially having effective epithelio-
chorial and endotheliochorial placentae and eventually 
evolving an intense hemochorial placentation, which 
provided efficient nutrition for rapid development of 
precocial, large- brained young. It was thought that eu-
therians were able to protect the fetus from allograft 
rejection and also to establish hormonal communica-
tion from the placenta to the mother while marsupials 
could not.

Many years of work by a large number of workers 
have turned this simple model on its head. In both 
marsupials and eutherians the structure and function 
of the placenta is complex and variable. In both, varia-
tion is influenced by life history strategy (as the rate of 
reproduction and relative altriciality of the neonate is 
determined by ecological and evolutionary contexts in 
both groups). There is little evidence that marsupials 
are fundamentally constrained in their placental struc-
ture and function.

Instead as emphasized by many, it appears that 
short intrauterine gestation is a specific evolutionary 
strategy that has been paired with exceptional adap-
tations for lactation. Likewise, in eutherians, although 
there is a much more intense intrauterine interaction, 
a great deal of the variation in placental form and func-
tion is also best interpreted in the light of the need for 
maternal control of her reproductive resources and re-
duction of direct fetal access to maternal circulatory 
supply. In many eutherians there has been evolution 
away from a strategy that emphasizes a highly inten-
sive maternal- fetal interface and returns control of re-
sources to the mother (e.g., Klisch and Mess 2007). In 
short, this new perspective allows new appreciation for 
the issues surrounding maternal control of reproduc-
tive resources in all therians, and lends support to hy-
potheses that it may be of fundamental importance in 
the evolutionary choices made by marsupials.

The degree of difference in the two strategies should 
not be minimized. They do not represent a continuum 
but are quite distinct strategies. Some of the best evi-
dence for the distinctness of the strategies comes from 
the study of early development, where it can be clearly 
shown that marsupial development is modified from 
the earliest stages of differentiation to meet the needs 
of the highly altricial young (e.g., Keyte and Smith 2010, 
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2012; Smith 1997, 2001, 2006; Vaglia and Smith 2003). 
These studies further show that the marsupial neonate 
is not just embryonic at birth, but exhibits a very elabo-
rate complex of adaptations that allows it to survive af-
ter an exceedingly short gestation. The adaptations of 
the marsupial neonate are derived, and unlike that seen 
in any other amniote, including monotremes (Smith 
1997, 2001; Weisbecker 2011).

It is undeniable that the placenta in eutherians con-
sistently develops far beyond any stage seen in marsu-
pials. Internal gestation is prolonged, and we see many 
unique adaptations of the uterus, decidua, and hormonal 
and immune system (e.g., Carter 2012). As just one ex-
ample, Lynch et al. (2008) have demonstrated that the 
regulatory gene HoxA- 11 has taken on a unique role in eu-
therian mammals as a regulator of prolactin expression 
in the uterus in eutherians. One function of this prolactin 
expression is the silencing of expression of several genes 
involved in the inflammatory response. This suppression 
of the inflammatory response in eutherians is hypoth-
esized to help maintain pregnancy. Prolactin is not ex-
pressed in the uterus of Monodelphis, and presumably 
other marsupials. On the other hand, just as it is clear eu-
therians have developed a number of adaptations that al-
low prolonged intrauterine gestation, marsupials exhibit 
adaptations for lactation not seen in eutherians, as has 
long been argued by Renfree (1983, 2010). For example, 
recent comparative genomic studies demonstrate more 
milk- specific proteins in the milk of marsupials than ei-
ther monotremes or eutherians. Further, these studies 
reveal complex changes over time in the expression of 
specific milk proteins uniquely in marsupials, to meet 
the changing nutritional needs of the young through the 
very long gestation (Lefèvre et al. 2010).

There is little data to support the hypothesis that 
reproductive strategies in marsupials are simply the 
retention of a primitive pattern. But, if the differences 
we observe do not grow out of constraints, why do we 
see such differences in the two taxa? Ultimately, the 
question of why a clade does or does not take a certain 
evolutionary path is virtually impossible to answer, es-
pecially when dealing with a single case or comparison 
and with events long in the past that leave little or no 
trace in the fossil record.

One of the most important points summarized in 
this paper is that internal gestation via a placenta places 
significant potential costs on a mother. Evolutionary 

theory predicts that selection should favor those em-
bryos that develop greater capacity to extract dispro-
portional resources from the mother for the current 
pregnancy even at the cost of her lifetime fitness (Haig 
2000). Early mammals were small, homeothermic, and 
nocturnal and likely to be under considerable ener-
getic stresses. Viviparity evolved in this context, and it 
is likely that it placed significant additional energetic 
stresses on the mother in early marsupials and eutheri-
ans. But it appears that the response to these energetic 
stresses led to two different paths. In marsupials control 
of reproduction was strongly biased toward the mother. 
Gestation was kept short, and intense maternal- fetal 
intrauterine contact limited. Reproductive effort was 
largely devoted to lactation, during which the mother 
maintained greater control of duration of a given repro-
ductive effort and the number of young raised to wean-
ing. In addition this mode extended maternal energetic 
output over a longer time period lessening the energy 
demands at any given time. While this basic point has 
been made by Renfree, Parker, Low, and Hayssen, it is 
generally in the context of highly fluctuating resources 
such as those faced by many extant Australian marsupi-
als. Here I argue that internal gestation via a placenta 
in and of itself may be a significant energy constraint. 
Supporting the idea that marsupials evolved away from 
intense maternal- fetal contact is the evidence that more 
intense maternal- fetal contact was primitive in marsu-
pials. Additionally, it is clear that ultra- altriciality is a 
derived state in the group, and not a primitive condition 
for marsupials, again suggesting selection away from 
maternal investment in utero in some taxa.

In eutherians, if current reconstructions are cor-
rect, a very intense form of maternal- fetal contact—  
hemochorial, labyrinthine placentae— evolved early. To-
day we see such placentae for the most part in animals 
with very fast reproductive turnover: rapid production 
of large litters with short gestations. Although these 
young are often altricial by eutherian standards, they 
are relatively well developed, and can have a very rapid 
time to weaning. Subsequently, within eutherians we 
see evolution away from this intense form of placenta-
tion, in particular as mammals entered environments 
in which it was necessary for the young to be precocial, 
and highly independent at birth.

These scenarios leave the question of “why” unan-
swered. Did early marsupials and placentals face slightly 
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different ecological conditions so that rapid turnover 
was favored in eutherians, and longer, less intense in-
vestment favored in marsupials? Did chance events early 
in the evolution of the lineages lead to different paths? 
Were there particular adaptations toward improved lac-
tation early in the marsupial line, or did particular inno-
vations appear in early eutherians for internal gestation? 
Understanding of the full complexity of the patterns of 
form and function, of phylogeny and variation allows us 
to ask, and perhaps someday answer, questions of intri-
cacy beyond a simple hypothesis of constraint.

Finally, the evolutionary consequences of the 
“marsupial- placental dichotomy” in reproductive choice  
continue to puzzle biologists. Eutherians are more di-
verse phylogenetically and evolutionarily, having pro-
duced radiations in the air and the sea never utilized 
by marsupials. It has tempted biologists for many years 
to attribute this difference in evolutionary diversity to 
the differences in reproductive strategy. However, as 

pointed out recently by Sánchez- Villagra (2013), the 
factors determining the evolution of major lineages are 
complex, and include many aspects of ecology, geology, 
biogeography, and perhaps chance. It might be argued, 
for example, that “eutherian” diversity is really nested 
within the Boreoeutheria (Asher et al. 2009), and that all 
other mammalian clades, eutherian and marsupial, are 
far less diverse taxonomically and morphologically. It is 
interesting that these other clades (Afrotheria, Xenar-
thra, Marsupialia, as well as early radiations of South 
American mammals) all evolved on smaller southern 
continents rather than the large Laurasian mass, which 
gave rise to the bulk of eutherian diversity. The fact re-
mains that after long years of study we still have not 
resolved many of the most interesting issues concern-
ing evolutionary patterns in therian mammals. The ori-
gin and early diversification of the Mammalia remains 
one of the great stories of transformations in vertebrate 
evolution, ripe for future study.

* * *
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