
Chapter 2
South American Living Metatherians:
Physiological Ecology and Constraints

Abstract South American living metatherians are relatively inconspicuous and
comprise ca. 10 % of the region’s mammal species richness. Most of them are
small-sized (<150 g), with long tails and grasping hands and feet, and resemble one
another in their general appearance. Individuals are solitary, nocturnal or crepus-
cular, and most of them are arboreal or scansorial. Two orders are exclusive of
South America (Microbiotheria and Paucituberculata), while a third
(Didelphimorphia) ranges from Patagonia (Argentina) to the border between USA
and Canada. The ecology, physiology, and reproductive traits of living South
American marsupials have been poorly studied. This chapter describes several
aspects of their natural history and how they influence their recent distribution, as
they probably did so throughout the Cenozoic. Physiological constraints include
variable energetic costs for regulating metabolic processes, due to low rates of
metabolism, the possibility to enter torpor/hibernation, and the storage of different
types of fat tissues available for those varied processes. Reproduction, which can be
characterized by a short gestation period and long, energy-demanding, breeding
period, shows specific differences in strategies (e.g., semelparity, partial semel-
parity, iteroparity) and their main traits (e.g., litters per year and litter size, teat
number). South American marsupials make a complete use of the habitat available
to them and have a broad, generally opportunistic and omnivorous diet. These
adaptations, combined with a general small size, small energy expenditure on
foraging and other daily activities, limit their distribution. Despite these constraints,
South American marsupials seem to thrive in environments where competition with
other animals might be strong (e.g., tropical and subtropical climates), or where a
few small mammals can survive (e.g., temperate and temperate-cold climates) due
to several environmental limitations.
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2.1 Introduction

Our knowledge of the natural history of South American living metatherians is still
very incomplete, despite a long history since their discovery (Hershkovitz 1987).
Living New World marsupials were some of the first animals to receive the
attention of naturalists after the early voyages of exploration to central and northern
South America, back in the 1500s (Hershkovitz 1987; Tyndale-Biscoe and Renfree
1987). Taking into account their size and habits, they are relatively inconspicuous
components of the mammal fauna of this continent, comprising ca. 10 % of the
region’s species richness (Streilen 1982; Birney and Monjeau 2003). Most of them
are solitary, nocturnal or crepuscular, live in tropical and subtropical ecosystems
(Tyndale-Biscoe 2005; Gardner 2008), and are arboreal or scansorial (Eisenberg
1981; Vieira 2006a, b). They are generally small-sized (<150 g), with long tails and
grasping hands and feet, and resemble one another in their general appearance
(Nowak 1999; Tyndale-Biscoe 2005).

Of the three currently recognized orders of new World marsupials, two are
exclusive to South America (Microbiotheria and Paucituberculata) (Figs. 2.1 and
2.5b, c). The remaining one, the Didelphimorphia (Figs. 2.2, 2.3, 2.4 and 2.5a), is
distributed throughout all of South and Central America, and the southern and
eastern portion of North America to the border between USA and Canada. The
Order Microbiotheria includes a single living species, the “monito del monte”
Dromiciops gliroides Thomas, which is restricted to the Valdivian Temperate
Rainforest (sensu Olson et al. 2001; Martin 2010) (Fig. 2.5b). The Order
Paucituberculata includes six or seven species allocated in three genera:
Caenolestes, Lestoros and Rhyncholestes, with a distribution concentrated in the
Andean “páramos” and “subpáramos”, the upper stratum of the Yungas in Perú,
Bolivia and adjacent areas (for Caenolestes and Lestoros), and the Valdivian
Temperate Rainforest (for Rhyncholestes; Brown 2004; Martin 2008, 2011; Myers
and Patton 2008; Patterson 2008; Timm and Patterson 2008) (Fig. 2.5c). Recent
didelphimorphs are grouped in the family Didelphidae , which has been recently
subdivided into four subfamilies: Glironiinae, Caluromyinae, Hyladelphinae, and
Didelphinae (Voss and Jansa 2009). The subfamily Didelphinae is distributed from
48°N to 48°S, with the highest diversity in tropical and subtropical South America
(Brown 2004; Birney and Monjeau 2003; Martin 2012; Fig. 2.6a). Species of the
subfamily Caluromyinae range from 18°N to 30°S (Fig. 2.6b), in forested habitats
of the Neotropical Region (sensu Morrone 2004, 2006; see Chap. 4). A few records
fall within the South American Transition Zone (sensu Morrone 2004, see Chap. 4),
representing low altitude localities (<2000 m) in Venezuela, Colombia and
Ecuador, which have a Neotropical affinity (Brown 2004). The distribution of
representatives of the subfamilies Glironiinae and Hyladelphinae is restricted to
South America, ranging from 10°N to 15°S and 0° to 17°S, respectively (Bernarde
and Machado 2008; Voss et al. 2001; Astúa 2006; Fig. 2.6c, d, respectively).

38 2 South American Living Metatherians: Physiological …



The ecology, physiology, and reproductive traits of living South American
marsupials have been poorly studied for most species (e.g., Eisenberg and Wilson
1981; Willig and Gannon 1997; Birney and Monjeau 2003; Martin in preparation),
although an increasing number of works has been produced in the last 30 years
(e.g., O’Connell 1979; Atramentowicz 1986; Monteiro-Filho and Cáceres 2006).

This chapter introduces several aspects of the physiology and ecology of living
South American marsupials. It illustrates how these constraints limit their distri-
bution in South America and, probably, did so throughout the Cenozoic (see also
Chap. 6). The taxonomic arrangement follows mostly that of Voss and Jansa
(2009), with the exception of recently described species.

Fig. 2.1 Non-didelphid
South American marsupials:
a Dromiciops gliroides
(Microbiotheria,
Microbiotheriidae),
northwestern Patagonia,
Argentina (photograph by
Gabriel Martin).
b Rhyncholestes raphanurus
(Paucituberculata,
Caenolestidae), La Picada,
Chile (photograph by Peter
Meserve, Brian Lang, and
Bruce Patterson)
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2.2 Thermal Constraints

Most South American living marsupials are nocturnal and/or crepuscular, being
active during the coldest part of the day and facing high thermoregulatory costs
during foraging, feeding, and other physiologically demanding activities (Geiser
2003). Despite this, a few studies on the thermal biology of South American
marsupials have documented a high capacity for thermal regulation and the ability
to achieve metabolic rates higher than most placentals (Dawson and Olson 1987;
Bozinovic et al. 2004, 2005; Ribeiro and Bicudo 2007).

Marsupials can be characterized as having low basal metabolic rates (BMR),
high thermal conductance due to a large surface area/volume ratio, and low body
temperatures (McNab 1982; Hume 1999; Geiser 2003; Tyndale-Biscoe 2005).
Several studies have found different correlation values between BMR and ambient
temperature, climate, substrate use, and the ability to enter torpor and/or hibernation
(McNab 2005), with body mass being pointed out as the main determinant in the
ability of New World marsupials to thermoregulate (Harder and Fleck 1997;
McNab 2005). Feeding preferences and/or diet show little or no direct relationship
to BMR (Hume 1999).

Apart from this, marsupials have been found to use different mechanisms for
thermogenesis than those of placentals (Riek and Geiser 2014). The main source for
non-shivering thermogenesis in placentals is brown adipose tissue (BAT) (Jastroch
et al. 2008; Riek and Geiser 2014). However, some studies in marsupials show that
BAT is absent, while others show BAT is present but nonfunctional (Hope et al.
1997; Rose et al. 1999). Therefore BAT and its adaptive use in marsupials remains
controversial. Also, marsupials are able to use vasoconstrictor-induced
non-shivering and shivering thermogenesis in skeletal muscles (Geiser et al. 2003
and literature cited therein), which in turn might represent the most common
adaptation as a response to cold exposure. Several of these adaptations have been
documented for Australian marsupials but little or no information is available for
South American species.

Despite differences in size, habitat use and diet, data on BMR has been found to
be similar among marsupials in general (Dawson and Hulbert 1970; Hulbert and

b Fig. 2.2 South American small-sized marsupials referable to the family Didelphidae
(Didelphimorphia) : a Hyladelphys kalinowskii, La Trinidad Mountains, French Guiana;
b Lestodelphys halli, central Patagonia, Argentina; c Gracilinanus emiliae, Petit-Saut,
Sinnamary, French Guiana; d Monodelphis gardneri, Central Andes, Perú; e Marmosops
parvidens, Tresor Natural Reserve (Kaw-Roura), French Guiana; f Marmosa murina, Ecuador;
g Gracilinanus microtarsus, southeastern Brazil; h, i, Micoureus demerarae, Tresor Natural
Reserve (h), and Madidi National Park, Bolivia (i). Photographs by Sylvain Pincebourde (a),
Gabriel Martin (b), Mael Dewynter (c), Fabrice Schmitt (d), Jean-Francois Szpigel (e), Max Bernal
Montes (f), Vitor Rademaker (g), Francois Catzeflis (h), Andre Baertschi (i). Drs. Francois
Catzeflis and Sergio Solari facilitated several of the photos here displayed
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Dawson 1974; Dawson and Wolfers 1978; McNab 1978, 1986; Thompson 1988;
Wallis and Farrell 1992; Ribeiro and Bicudo 2007). The BMR of South American
marsupials varies from 50.6 to 99.1 % of that expected for mammals, with only one
species showing a marginally high basal rate by mammalian standards (i.e.,
Didelphis marsupialis with 105 %) (McNab 2005). Predicted values of BMR from
allometric equations show that marsupials have substantially lower BMR than
similar sized placentals living in similar environments, especially at small body
masses (Geiser 2003; McNab 2005). Low BMRs have often been described as a poor
adaptation to tolerate temperate-cold climates and, hence, a factor limiting the dis-
tribution of marsupials on a continental scale. It has also been argued that low BMRs
reflect primitive thermoregulatory characteristics of ancestral mammals. Recently,
and in contrast to this, it has been suggested that a low BMR in marsupials might be
influenced by physiological and ecological constraints (e.g., water balance, feeding,
predation), or climate unpredictability (e.g., daily and/or seasonal temperature
variation, rainfall) (Geiser 2003 and literature cited therein). Lovegrove (2000) has
argued that BMR is mainly determined by resource availability during certain
periods of time, and throughout a limited space (i.e., the areas where individuals
forage for food). Clearly, several factors might influence energy balance in marsu-
pials depending on their size, thermoregulation ability, environmental constraints,
and phylogenetic affinities (Geiser 2003; McNab 2005; Riek and Geiser 2014).

Most studies show that American marsupials are similar in physiology and
metabolism to Australian marsupials, especially dasyurids (Hume 1999; McNab
2005; Tyndale-Biscoe 2005). Several studies point to a relationship between thermal
regulation and BMR, especially for Australian marsupials which are very competent
homeotherms, but these studies have not been replicated in American marsupials
(Dawson and Dawson 1982). In general, NewWorld marsupials show a higher BMR
than Old World marsupials (McNab 1978), an exception being D. gliroides, which
seems to be closer in physiological ecology to Australian marsupials (Bozinovic
et al. 2004). This particular fact could be a result of the phylogenetic affinities of
Microbiotheria with Australian marsupials, adding support to the idea in which
critical temperatures, as measured by thermoneutral zones (in turn, highly related to
BMR), are all influenced by phylogeny (Riek and Geiser 2014).

b Fig. 2.3 South American medium-sized marsupials referable to the Family Didelphidae
(Didelphimorphia): a Caluromys derbianus, Costa Rica; b Lutreolina crassicaudata, Corrientes
Province, Argentina; c Didelphis imperfecta, Petit Saut (Sinnamary), French Guiana;
d Chironectes minimus, Mata Atlantica, southeastern Brazil; e Philander frenatus, Santa
Catarina, Brazil; f Metachirus nudicaudatus, Cacao, French Guiana. Photographs by Joseph
Rupert (a), Guillermo Gabriel Soteras (b), Sebastien Barrioz (c), Maurício E. Graipel (d),
“danybehs” (Project Noah) (e), Francois Catzeflis (f). Michael Butcher, Francois Catzeflis and
Karen Loughrey (Project Noah) facilitated several of the photos here displayed
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Fig. 2.4 a–c A female specimen of Lutreolina crassicaudata showing seven pouch-young
attached to its nipples. a handling of the specimen by researchers for sexing and measuring; b a
view of its ventral side; c the same specimen and view, with completely relaxed pouch. The
specimen was captured at Fazenda Experimental da Ressacada (Universidade Federal do Santa
Catarina), Florianópolis, Santa Catarina, Brazil. Photographs by Laise Orsi Becker
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b Fig. 2.5 Distribution (known localities) of the three orders of New World marsupials:
Didelphimorphia (a), Microbiotheria (b), and Paucituberculata (c). Didelphimorphia does not
include North American localities, referrable to Didelphis virginiana

Fig. 2.6 Distribution of the four subfamilies of Didelphidae: Didelphinae (a), Caluromyinae (b),
Glironiinae (c), and Hyladelphinae (d). Didelphimorphia does not include North American
localities, referrable to Didelphis virginiana
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2.3 Feeding Constraints

Feeding habits of South American marsupials were, until recently, mostly based on
qualitative data and, to certain extent, are still poorly known (Cordero and Nicolas
1987, Lee and Cockburn 1987, Hume 1999, 2003). Traditionally considered to
represent the ancestral and generalized omnivore/insectivore pattern of food con-
sumption (Lee and Cockburn 1987), recent quantitative studies have revealed a large
variation in the preferences of living New World marsupial diets (e.g., Carvalho
et al. 1999; Astúa de Moraes et al. 2003; Ceotto et al. 2009; García et al. 2009).

Studies on the diet of South American marsupials conform to a series of feeding
categories (Eisenberg 1981, Martin in preparation), ranging from predominantly
frugivorous to a diet that can be mostly characterized as animalivorous, with several
species which can be included in animalivore/omnivore and animalivore/frugivore
categories. Proportionately, the diets of South American marsupials show that 14
genera (63.6 %) fall into the animalivore/frugivore category, three (13.6 %) in the
animalivore/omnivore category, three (13.6 %) in the frugivore/animalivore cate-
gory, one (4.5 %) in the animalivore category (Lestodelphys), and one (4.5 %) in
the omnivore category (Didelphis ) (Table 2.1). Diet information is available,
mainly from tropical/subtropical environments, for medium/large-sized species and
a few small-sized ones (e.g., Atramentowicz 1988; Busch and Kravetz 1991; Freitas
et al. 1997; Carvalho et al. 1999; Fernandes et al. 2006; Ceotto et al. 2009; Pires
et al. 2009; Bocchiglieri et al. 2010; Macedo et al. 2010). However, it is not clear
whether data on a single species from polytypic genera can be extrapolated to the
rest of the species (e.g., Monodelphis domestica to some Monodelphis spp.),
especially considering the variation in habitats, latitude, and altitude in many of
them (e.g., Monodelphis, Thylamys). Also, several of these polytypic genera con-
form to a similar craniodental and anatomically conservative pattern of mastication,
despite living in different environments, showing how versatile and efficient the
tribosphenic molar and food processing in these marsupials is. Despite the infor-
mation presented above, the inclusion of species in feeding categories should be
used with caution due to overlaps in general consumption patterns (Astúa de
Moraes et al. 2003).

In recent years, the role of marsupials as seed dispersers especially in tropical and
subtropical environments has been acknowledged (Thielen et al. 1997; Amico and
Aizen 2000; Cáceres 2000; Cáceres and Monteiro-Filho 2000; Cáceres et al. 2002;
Amico et al. 2009; García et al. 2009; Cantor et al. 2010), a role which was pre-
viously attributed to birds, bats, monkeys, and some rodents. In order to be a good
disperser, seeds must pass undamaged through the digestive tract and be deposited
at places favorable to germination (Cáceres 2006). Under some circumstances, the
passage through the gut is critical in the development of a “holdfast” mechanism
which affects the seed’s attachment to the host plant (Amico and Aizen 2000;
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Nickrent and Musselman 2004). Seasonal fruit availability in tropical and sub-
tropical environments is directly related to the use of these resources as food items,
fluctuating from high to low proportions during humid and dry periods, respectively
(Cáceres et al. 2002; Cáceres 2006; Leiner and Silva 2007). Nine genera of New
World marsupials (ca. 41 %) have been reported as seed dispersers, eight of them
from tropical and/or subtropical environments (Table 2.1). In the only study made in
a southern temperate environment (i.e., D. gliroides in the Valdivian ecoregion),
fruit availability was found to be related to summer temperature, becoming a highly
seasonal resource (Amico and Aizen 2000).

Through the study of marsupial feeding, Hume (1999) proposed a relationship
between food quality and digestibility, and described a series of constraints:
(1) optimal digestion time will vary depending on the type of food ingested (i.e.,
longer for poor quality items like adult insects, shorter for high-quality items like
larvae, earthworms, or soft fruits); (2) animals with longer digestion times will have

Table 2.1 Feeding and foraging categories of South American marsupial genera (n = number of
species within each genera)

Genus (n) Feeding category Foraging category

Caluromys (3) Frugivore/animalivorea Arboreal

Caluromysiops (1) Frugivore/animalivore Arboreal

Chacodelphys (1) Animalivore/frugivore Scansorial

Chironectes (1) Animalivore/frugivore Semiaquatic

Cryptonanus (5) Animalivore/frugivore Scansorial

Didelphis (6) Omnivorea Scansorial

Glironia (1) Frugivore/animalivore Arboreal

Gracilinanus (6) Animalivore/frugivorea Arboreal

Hyladelphys (1) Animalivore/frugivore Scansorial

Lestodelphys (1) Animalivore Scansorial

Lutreolina (1) Animalivore/frugivorea Terrestrial

Marmosa (15)b Animalivore/frugivorea Arboreal

Marmosops (15) Animalivore/frugivorea Arboreal

Metachirus (1) Animalivore/frugivorea Terrestrial

Monodelphis (22) Animalivore/frugivorea Terrestrial

Philander (7) Animalivore/frugivore Scansorial

Thylamys (13) Animalivore/frugivore Scansorial

Caenolestes (5) Animalivore/omnivore Terrestrial

Lestoros (1) Animalivore/omnivore Terrestrial

Rhyncholestes (1) Animalivore/omnivore Terrestrial

Dromiciops (1) Animalivore/frugivorea Arboreal

Adapted from Eisenberg (1981) and Martin (in prep.)
aSpecies involved in seed dispersion
bMarmosa includes species in the subgenus Micoureus sensu Voss and Jansa (2009)
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longer digestive tracts than those eating easily/quickly digestible food; (3) young
animals with limited gut capacity will consume only high-quality food items;
(4) animals should maximize food retention in order to extract the most energetic
value out of the consumed items. Studies of the alimentary tract in South American
marsupials show a relationship between relative length of the stomach, caecum and
colon, with species’ feeding habits (Hume 1999; Astúa de Moraes et al. 2003 and
literature cited therein). The observed variation in craniodental anatomy and diet is
directly related to differences in the species’ digestive tracts, but only subtle dif-
ferences were found between them (Santori and Astúa de Moraes 2006).

According to the information presented above, most South American marsupials
can be considered, within certain limits and a few exceptions, opportunistic
omnivores in a broad sense. This generalization has a strong influence on both
ecological and physiological traits. For example, species might present seasonal
variations related to food availability (e.g., feeding on fruits and insects during the
rainy and dry seasons, respectively), and individual development (e.g., young
individuals might feed on insects at one point in life, and shift to feeding on
vertebrates as adults). This in turn, would influence their reproductive strategy (e.g.,
seasonal, aseasonal), energetic balance (e.g., use of torpor bouts, tail incrassation),
reproduction and habitat use (see below).

In comparison to Australian marsupials, New World species occupy relatively
broad ecological niches when it comes to feeding categories, with only a few of them
showing feeding specializations (Vieira and Astúa de Moraes 2003; Tyndale-Biscoe
2005). The consumption of variable proportions of animal material and fruits in their
diet is comparable, in many cases, to Australian dasyurid species (Strahan 1991;
Hume 1999). Species within Caluromyinae are similar in feeding preferences to
ringtails, gliders, brushtails and cuscuses (Petauridae and Phalangeridae), while
D. gliroides can be easily compared to pygmy possums (Burramyidae; Strahan
1991). Noticeably, Caenolestids have feeding preferences that resemble (or are
similar to) that of shrews (Soricidae) (Vaughan et al. 2011). The generalized feeding
habits of living New World marsupials contrast with those inferred for extinct
metatherian lineages, which included several types of hypercarnivorous, granivo-
rous, strictly frugivorous, and even folivorous forms (see Chap. 6).

2.4 Reproductive Constraints

The reproduction pattern found in marsupials differs consistently from that of pla-
centals with respect to gestation length, lactation, and neonate size (Cockburn and
Johnson 1988). Originally considered primitive, recent studies have shown that the
“marsupial mode of reproduction” is a highly derived condition, and not the
ancestral pattern of a primitive Therian mammal (Hayssen et al. 1985). Marsupials
are born in a much earlier stage of development and have a shorter duration of
gestation relative to lactation, with a general average of*12 % (Hayssen et al. 1985;
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Tyndale-Biscoe and Janssens 1988). Despite their small size (usually weighing less
than 0.01 % of the mother’s weight at birth) and poorly developed appearance,
newborn marsupials show a mixture of well-developed functional organs and
embryonic structures (Clark and Smith 1993; Tyndale-Biscoe 2005). Amongst the
first well-developed organs are a relatively large head with large mouth and tongue,
well-developed shoulders and forelimb skeleton. Embryonic or poorly developed
structures include comparatively small hind legs and hip, a short and poorly
developed tail, and ears and eyes concealed by membranes (or shut; Tyndale-Biscoe
2005). The well-developed structures are crucial during what is considered the most
vulnerable period for the newborn marsupial (i.e., the transition from an intrauterine
life to an external world), where it migrates from the vagina to the teat, mostly
unaided. The young are wholly dependent on the mother during this period, and
remain attached to the teat for a variable period of time (e.g., 48 days in Didelphis
virginiana; 20 days in Marmosa robinsoni; 14 days in M. domestica), or detach
briefly during this period (Tyndale-Biscoe and Renfree 1987 and literature cited
therein, R. Cerqueira, personal communication).

The common name given to marsupials implies the presence of a pouch/mar-
supium enclosing the teat area (Fig. 2.4). In the Didelphimorphia , this morpho-
logical feature is present only in some of the larger (i.e., Didelphini ) and
medium-sized species (i.e., Caluromyinae), but is not developed in the remaining
taxa (e.g., Glironiinae, Hyladelphinae, Marmosini, Metachirini, Thylamyini), which
includes all small and a few medium-sized species (Voss and Jansa 2009). The
absence or poor development of a pouch in most groups is probably the ancestral
condition for New World species, and might be related to a nesting phase in the
development of the young, with a well-developed pouch being a derived feature
(Tyndale-Biscoe and Renfree 1987; Merritt 2010). The pouch opening in
Didelphini is medially oriented, except in Chironectes where it opens posteriorly,
an adaptation that has been related to its peculiar semiaquatic lifestyle (Nowak
1999). A pouch is not present in the Caenolestidae and Microbiotheria, where
lateral folds of skin tend to enclose the teat area, at least partially (Tyndale-Biscoe
and Renfree 1987; Hershkovitz 1999).

Only a few studies have documented the gestation period in South American
marsupials, most of them from tropical/subtropical environments and from
large/medium-sized didelphids, with the exception of Lutreolina crassicaudata, M.
robinsoni, and Monodelphis dimidiata (Table 2.2). The gestation period found for
most species is of 13–15 days, with the exception of Caluromys philander in which
data of up to 20 days was recorded (Table 2.2).

South American marsupials have a variable number of teats, ranging from 4 to
19 (Table 2.2). The plesiomorphic number within American marsupials appears to
be 4 teats, as found in Microbiotheria, Paucituberculata (e.g., Lestoros inca), and
three subfamilies within Didelphidae (i.e., Caluromyinae, Glironiinae and
Hyladelphinae). Small species from the tribes Marmosini and Thylamyini show
most of the variation, with some genera having smaller teat numbers (e.g.,
Marmosops spp. with 5–9 teats) and others with the highest amongst New World
marsupials (Cryptonanus spp., Gracilinanus spp., and Thylamys spp. with 9–15

50 2 South American Living Metatherians: Physiological …



Table 2.2 Reproductive information on South American marsupials

Species Gestation
(days)

Average
litter size

Teat
number

Litters/Year References

Caluromys
derbianus

– 3.3 (2–4) – 2? Biggers (1967), Phillips
and Knox Jones (1968)

Caluromys
lanatus

– 3.7 – – Cáceres (2000)

Caluromys
philander

14–20+ 3.6–6 4–7 2–3 Davis (1947), O’Connell
(1979), Atramentowicz
(1986), Perret and
Atramentowicz (1989),
Julien-Lafèrriere and
Atramentowicz (1990),
Cáceres and
Monteiro-Filho (1997),
Emmons and Feer (1997)

Chironectes
minimus

– 2–4.5 5 – Enders (1966), Hunsaker
(1977), Marshall (1978b),
Eisenberg (1980), Crespo
(1982), Hershkovitz
(1997), Cáceres (2000)

Cryptonanus
chacoensis

– 12 9 – Massoia and Fornes
(1972), Voss et al. (2005),
but see Gardner (2008)

Cryptonanus
guahybae

– – 15 – Tate (1933)

Didelphis
albiventris

– 4.2–9.1 8–13 – Hershkovitz (1997),
Tyndale-Biscoe and
Mackenzie (1976), Streilen
(1982), Monteiro-Filho
(1987), Rigueira et al.
(1987), Regidor and
Gorostiague (1996),
Catzeflis et al. (1997)

Didelphis
aurita

– 6.5–8.1 11 – Hill (1918), Davis (1947),
Cerqueira et al. (1993),
Bergallo and Cerqueira
(1994), Cherem et al.
(1996), Cáceres and
Monteiro-Filho (1997),
D’Andrea et al. (1999)

Didelphis
marsupialis

– 4–9 9–13 – Fleming (1973),
Tyndale-Biscoe end
Mackenzie (1976),
O’Connell (1979),
Eisenberg (1980),
Atramentowicz (1986),
Julien-Lafèrriere and
Atramentowicz (1990),
Hershkovitz (1997)

(continued)
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Table 2.2 (continued)

Species Gestation
(days)

Average
litter size

Teat
number

Litters/Year References

Gracilinanus
agilis

– – 13 – Tate (1933)

Gracilinanus
marica

– – 11 – Hershkovitz (1992a)

Gracilinanus
microtarsus

– – 15 – Tate (1933)

Hyladelphys
kalinowskii

– – 4 – Voss et al. (2001)

Lutreolina
crassicaudata

13–15 5–11 9–11 2 Monteiro-Filho and Dias
(1990), Hershkovitz
(1997), Regidor et al.
(1999), Iodice et al. (2010)

Marmosa
lepidaa

– – 7 – Tate (1933)

Marmosa
murinaa

– – 7–13 – Thomas (1888), Tate
(1933), Hershkovitz
(1992a)

Marmosa
quichuaa

– – 11 – Hershkovitz (1992a)

Marmosa
robinsonia

14 10–14 15
(11–
19)

– Barnes and Barthold
(1969), Fleming (1973),
Godfrey (1975),
O’Connell (1979),
Eisenberg (1980),
Eisenberg and Wilson
(1981), Hershkovitz
(1992a)

Marmosa
rubraa

– – 7–9 – Hershkovitz (1992a)

Marmosa
tylerianaa

– – 4 – Tate (1933)

Marmosa
xerophilaa

14 7.9 (3–
11)

– 1–3 Thielen et al. (1997)

Marmosa
alstonib

– – 9–11 – Tate (1933)

Marmosa
cinereab

– – 9–15 – Tate (1933), Hershkovitz
(1992a)

Marmosa
constantiaeb

– – 15 – Tate (1933)

Marmosa
demeraraeb

– 10 9–11 – Hershkovitz (1992a),
Monteiro-Filho and
Cáceres (2006)

(continued)
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Table 2.2 (continued)

Species Gestation
(days)

Average
litter size

Teat
number

Litters/Year References

Marmosa
phaeab

– – 9 – Hershkovitz (1992a)

Marmosops
bahiensis

– – 7 – Tate (1933)

Marmosops
carri

– – 7–9 – Tate (1933)

Marmosops
caucae

– – 7–9 – Tate (1933)

Marmosops
handleyi

– – 9 – Hershkovitz (1992a)

Marmosops
impavidus

– – 9 – Tate (1933), Hershkovitz
(1992a)

Marmosops
incanus

– – 7 – Tate (1933)

Marmosops
noctivagus

– – 5–9 – Tate (1933), Hershkovitz
(1992a)

Marmosops
parvidens

– – 7–9 – Pine (1981), Hershkovitz
(1992a)

Marmosops
paulensis

– – – 1 Leiner et al. (2008)

Metachirus
nudicaudatus

– 4–9 9 – Fonseca and Kierulff
(1989), D’Andrea et al.
(1999), Cáceres (2000),
Gardner and Dagosto
(2008)

Monodelphis
americana

– – 15 – Thomas (1888)

Monodelphis
brevicaudata

– 7.5 11 – Thomas (1888), O’Connell
(1979), Eisenberg and
Wilson (1981)

Monodelphis
dimidiata

– 11 16 – O’Connell (1979),
Eisenberg (1980)

Monodelphis
domestica

14 7–8 13–16 – Thomas (1888),
VandeBerg (1983), Kraus
and Fadem (1987),
Bergallo and Cerqueira
(1994), Pfiegler and
Cabana (1996), Harder and
Fleck (1997)

Monodelphis
sorex

– – 13 – Carlsson (1903)

Philander
andersoni

– – 4–7 – Hershkovizt (1997)

(continued)
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teats; Monodelphis spp. with 11–16 teats; Marmosa spp. with 7–19; Mann 1958;
Hershkovitz 1992a; Bergallo and Cerqueira 1994; Voss et al. 2005; Martin in
preparation). Large- to medium-sized species of the tribes Didelphini and
Metachirini show intermediate numbers, between 4–13 and 9 teats, respectively
(Julien-Lafèrriere and Atramentowicz 1990; Catzeflis et al. 1997; Cáceres 2000).
Despite variation in teat number, two reproductive strategies appear to be common:
one in which more young are born than the available number of teats (e.g.,
Didelphis), and one in which young are less or equal to the number of teats (e.g.,
Caluromys) (Tyndale-Biscoe 2005). Unfortunately, no information on this aspect of
reproduction in species with higher teat numbers is available.

Information on the average litter size is available for less than 20 species
(Table 2.2), but this data should be taken carefully as it has been demonstrated that

Table 2.2 (continued)

Species Gestation
(days)

Average
litter size

Teat
number

Litters/Year References

Philander
frenatus

13–14 4.5–5.4 7 – Davis (1947), Crespo
(1982), Fonseca and
Kierulff (1989), Cerqueira
et al. (1993), Hingst et al.
(1998), D’Andrea et al.
(1999), Cáceres (2000)

Philander
opossum

– 4–5 7 – Fleming (1973), Eisenberg
(1980), Atramentowicz
(1986), Julien-Lafèrriere
and Atramentowicz
(1990), Hershkovizt
(1997)

Thylamys
elegans

– 17
(embryos)

11–15 – Tate (1933), Mann (1958)

Thylamys
janetta

– – 15 Tate (1933)

Thylamys
karimii

– – – 2? Carmignotto and Monfort
(2006)

Caenolestes
fuliginosus

– 3.4 – – Osgood (1921), Kirsch and
Waller (1979),
Tyndale-Biscoe (1980)

Lestoros inca – – 4 – Osgood (1924)

Rhyncholestes
raphanurus

– – 7 1 Patterson and Gallardo
(1987)

Dromiciops
gliroides

– 1–4 4 1 Philippi (1893), Krieg
(1924), Osgood (1943),
Mann (1955), Greer
(1965), Muñoz-Pedreros
et al. (2005)

aSubgenus Marmosa
bSubgenus Micoureus
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wide ranging species (in latitude) have variable litter sizes, with smaller ones
registered toward the periphery of their distribution (Fleming 1973; Rademaker and
Cerqueira 2006). The available information has a high bias toward
medium/large-sized marsupials from tropical environments, with little information
on specialized taxa (e.g., Caluromysiops, Glironia, Lestodelphys) and species-rich
genera (e.g., Marmosops, Monodelphis, Thylamys) (Table 2.2).

Another reproductive aspect that has been poorly studied in South American
marsupials is the number of litters per year (Table 2.2). Two litters per year have
been documented for Caluromys philander, Didelphis albiventris, D. aurita and
L. crassicaudata (Catzeflis et al. 1997; Emmons and Feer 1997; D’Andrea et al.
1999; Regidor et al. 1999). One litter per year has been documented for Philander
frenatus, D. gliroides and Rhyncholestes raphanurus (Patterson and Gallardo
1987; Cáceres 2000; Muñoz-Pedreros et al. 2005). Because semelparity or partial
semelparity (see below) has been described as the reproductive strategy for
M. dimidiata, Gracilinanus microtarsus, Marmosops incanus and Marmosops
paulensis, a single litter per year can be inferred for all these species. In the same
context, and given that many species of South American marsupials inhabit highly
seasonal habitats, it could be argued that most species would reproduce once a year,
and conform to a semelparous or partially semelparous life cycle. From an
energetic/metabolic point of view, this would represent a substantial advantage over
species with multiyear life cycles (especially in small species), in which individuals
should have to regulate and/or balance their energy input to cope with significant
seasonal fluctuations in food availability, energy storage (e.g., in the form of
interstitial and inner body fat reserves), and resuming reproductive activities on a
year-round basis. A reproductive “strategy” that has been recorded for Australian
diprotodonts , shows that at least two different aged young can be found at any one
time inside the pouch. This has not been documented for New World marsupials,
even in species with two or three breeding cycles throughout a year.

The first stages in the life of newborn marsupials were reviewed by
Tyndale-Biscoe (2005), who divided postnatal development in three consecutive
phases in which different processes take place: (1) acquisition of immune compe-
tence, eyes, ears, whiskers and cerebral cortex differentiate, functions of the nervous
system develop, and the brain grows fast; (2) acquisition of homeothermality with
the increased growth of fur, the development of the thyroid, liver, kidney, and the
hormones that control each organ’s function; and (3) facultative detachment from
teats until they are weaned, changes in diet from milk to other “adult” items,
changes in energy balance and metabolism, modifications of the stomach and
intestine, and the need for water as the young becomes physiologically indepen-
dent. Different studies in New World marsupials contribute to validate these phases
(e.g., Pine et al. 1985; Muñoz Pedreros et al. 2005; Krause and Krause
2006; Monteiro-Filho and Cáceres 2006), phases which have been based on studies
of mostly large-sized Australian marsupials.

When young start detaching from the teat and enter into phase 3, they are left in
a den or nest while the mother forages, and later on cling to her back until they are
weaned (Tyndale-Biscoe and Renfree 1987). A nesting phase was reported for
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D. gliroides (Mann 1955), M. paulensis (Leiner et al. 2008) and Metachirus
nudicaudatus (Loretto et al. 2005), showing this might be a more common feature
of South American marsupials than previously thought, even in medium/large sized
species.

The reproductive strategies of South American marsupials have been poorly
studied, and have been mostly concentrated on a few small-sized species from
tropical/subtropical environments (Martins et al. 2006; Leiner et al. 2008), and
M. dimidiata from temperate grasslands (Pine et al. 1985). In didelphids, different
reproductive strategies have been documented, from multiyear cycles with no
post-reproductive die-off to complete semelpartity (e.g., Pine et al. 1985; Hingst
et al. 1998; Martins et al. 2006; Leiner et al. 2008). Semelparity, also known as
senescence, involves a post mating die-off (generally of males), and/or a decline in
reproductive fecundity (generally of females) after one reproductive cycle
(Braithwaite and Lee 1979; Lee and Cockburn 1987). In semelparous species
reproduction occurs once in a lifetime and leads to nonoverlapping discrete gen-
erations (Cole 1954; Martins et al. 2006). This reproduction mode has been
intensively studied in many Australian species (e.g., Antechinus spp., Phascogale
spp., Dasyurus hallucatus) showing some variation in life histories, from complete
to partial semelparity (Lee et al. 1982; Cockburn 1997; Oakwood et al. 2001, but
see Pine et al. 1985). In South American marsupials, complete semelparity has been
inferred based on seasonal weight and marked sexual dimorphism in M. dimidiata
(Pine et al. 1985). Well-marked sexual dimorphism has been correlated with a high
reproductive effort and semelparity (Williams 1966), which relates to males
investing in growth associated to reproductive success (and therefore aging at a
faster speed and shorter time), and females growing at a slower rate due to breeding
and raising the young (Gardner 1973, fide Pine et al. 1985). Complete semelparity
has been also inferred based on age classes of museum specimens in M. incanus
(Lorini et al. 1994), and has been recently reported in an ecological study of
M. paulensis where both males and females did not survive to breed for a second
season (Leiner et al. 2008). Partial semelparity, a different strategy in which males
die-off after reproduction but females survive over a period of time, albeit gradually
disappearing from the population, has been documented for G. microtarsus
(Martins et al. 2006).

Braithwaite and Lee (1979) noted a predominance of semelparous marsupials in
coastal regions of Australia, and associated this strategy with highly seasonal and
predictable environments. If this hypothesis was true, one would expect semelparity
as the predominant reproductive strategy in highly dimorphic species that inhabit
seasonal environments. Unfortunately, our present knowledge on the reproductive
strategies in species living in seasonal environments (both warm and
temperate-cold) is very limited, and most South American marsupials are not highly
dimorphic. This does not allow for a good interpretation of how climatic factors are
involved (or not) in their life cycles. A recent approach proposed by Bradley
(2003), involves the study of physiological changes that are likely to occur before
males die, those of which could indicate a semelparous reproductive strategy.
Although these studies are lacking for most South American marsupials, the
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combination of environmental and physiological factors at different levels could
provide answers onto why semelparity evolved convergently in such different
lineages (i.e., Marmosini and Thylamyini in America; Dasyuridae in Australia).

Even though several aspects of New World marsupial reproductive strategies are
still poorly understood, different studies show that species tie their reproduction to
photoperiod, rainfall or food availability (Julien-Laferrière and Atramentowicz
1990; Bergallo and Cerqueira 1994; Cerqueira 2004). Comparisons between dif-
ferent sized species of didelphid marsupials from Brazil show that photoperiod
appears to be the most important proximal factor to influence the onset of the
reproductive cycle, instead of meteorological events like rainfall (Cerqueira 2004).

Despite the available data, it is not clear how these factors would influence
species with a broad latitudinal distribution (e.g., Thylamys pallidior, D. albiven-
tris). For these species, shortening of their reproductive cycle, growth period, and a
delay in the onset of the breeding season should be associated to a faster sexual
maturity rate and an increase in developmental timing, for which we lack infor-
mation. The effects of a broad latitudinal range on litter size have been partially
explored for the genus Didelphis by Rademaker and Cerqueira (2006), showing a
positive correlation, and a negative one between breeding season and latitude. This
pattern of reproduction and growth would also have consequences in the devel-
opment of the young, which should have a faster growing curve from tropical to
more temperate climates. The time in which species attain sexual maturity would
also be critical and should decrease with the distance from the equator (i.e., shorter
lived species living far from the equator should reach sexual maturity faster,
especially if they were to live for shorter periods of time). Many questions remain to
be answered in this respect. For example, what would happen in species that inhabit
temperate environments exclusively (e.g., D. gliroides, Lestodelphys halli), where
differences in photoperiod are highly marked in comparison to tropical and sub-
tropical environments studied so far? Would species of widespread distribution
along a longitudinal pattern (east-west) show the same reproductive pattern
throughout their range despite other variables like rainfall and altitude (e.g.,
D. albiventris from eastern Brazil and eastern Perú or Bolivia)? Would feeding
resources influence any of these parameters? As with many of the subjects treated
before, our knowledge of the reproductive strategies of South American marsupials
is still fragmentary, with no information for caenolestids and very scarce, anecdotal
information for D. gliroides and most of the species living in temperate ecosystems.

2.5 Size and Anatomical Constraints, Locomotion
and Habitat Use

South American marsupials range in size from ca. 10 g to 1.4 kg (Chacodelphys
formosus and D. albiventris/D. marsupialis, respectively) (Gordon 2003; Voss and
Jansa 2009). Compared to other living mammals, they are somewhat externally
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homogeneous, their main morphological variation being body size, with subtle
variations in general form, tail and limb proportions, and toe disposition patterns
(Voss and Jansa 2009). Of the three extant South American orders,
Didelphimorphia shows the largest variation in size, habitat use, and anatomical
adaptations (Palma 2003; Tyndale-Biscoe 2005; Gardner 2008). Despite this vari-
ation, most didelphids have a surprisingly similar body plan: grasping hindfeet with
opposable thumbs and a prehensile or semiprehensile tail (Szalay 1994; Martin
2008). The only living microbiotheriid, D. gliroides, is very similar to small
didelphids (e.g., Marmosa s.l.) in body form, and is highly arboreal. Caenolestids
are clearly different from didelphids in their shrew-like appearance, mostly terres-
trial (semifossorial?) adaptations and procumbent lower incisors.

Morphological variation in didelphids is also accompanied by subtle variations
in postural behavior, locomotion and locomotor performance, with posterior limbs
more developed than anterior ones, even in arboreal species (Vieira 1997, 2006a,
b). When comparing body and limb weights, hindlimb muscle weight was found to
be highest in Metachirus and Chironectes, two species living in clearly different
substrates (i.e., terrestrial and semiaquatic, respectively) (Carvalho et al. 2000;
Argot 2001, 2002, 2003). Differences between scansorial/arboreal from generally
terrestrial species have also been found in the use and shape of the pelvic girdle
(Argot 2002, 2003; Vieira 2006a, b). Terrestrial forms show a larger development
of muscular insertions with a somewhat reduced mobility, while arboreal/scansorial
forms have more muscular mobility and greater articulation (Argot 2002). The
vertebral column, especially in the lumbar region, has also become different in
relation to the species’ habits: arboreal forms tend to have a thinner and narrower
vertebral column, with plenty of freedom in movement (e.g., Caluromys, Marmosa;
Works 1950; Grand 1983), while terrestrial species show more robust muscular
insertions and a more developed lower back musculature (e.g., Metachirus; Argot
2003). Two main patterns in the scapulae of living New World marsupials were
found, one with a triangular shape, present in arboreal species and also in
small-sized marsupials (e.g., Caluromys, “Marmosa” [=Micoureus], Dromiciops);
and the other with a quadrangular shape, present in terrestrial and generalist species
(e.g., Metachirus, Didelphis , Monodelphis; Argot 2001, Martin pers. obs.). This
difference can be related to the rotation of the anterior limbs and
protraction/retraction of the humerus, which is in turn related to muscular mass and
therefore to locomotion (Vieira 1997, 2006a, b; Argot 2001).

A primitive pattern of foot morphology is characteristic of didelphids and
microbiotheriids, with minor deviations related to toe size and predominance
(Szalay 1982a, b, 1994; Voss and Jansa 2003). The hand of didelphids and
Dromiciops do not reflect major differences in locomotor habits, and are used in a
similar stereotyped behavior common to most species, especially the smaller sized
ones (e.g., Dromiciops, Lestodelphys, Monodelphis; Streilen 1982; Martin 2008;
Martin and Udrizar Sauthier 2011). Extant caenolestids deviate from this pattern,
probably in response to a scansorial way of life, by having a reduced hallux
(contra Szalay 1994).
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Studies on foot articulation have led to the assumption that living metatherians
(especially Didelphidae ) are, in general, highly arboreal (e.g., Szalay 1982a, b,
1994; Szalay and Sargis 2001); and were therefore considered plesiomorphic in
their locomotor adaptations. This view has been challenged by recent work (e.g., de
Muizon and Argot 2003), supporting the idea that living New World marsupials
appear to be more specialized than their Paleogene ancestors, especially in relation
to their climbing abilities. Most didelphids and Dromiciops share a hindfoot with a
powerful grasping mechanism and scansorial adaptations (Grand 1983; Szalay
1994), including the use of the tail as a “fifth member” (see below). Exceptions to
this generalized pattern include Chironectes, Metachirus, and caenolestids, which
are clearly distinct from the rest by having a unique foot morphology with more
terrestrial adaptations. Toe length is also directly related to differences in substrate
locomotion, where arboreal species (e.g., Marmosa, Caluromys, Dromiciops) have
longer ones than terrestrial species (e.g., Monodelphis, Metachirus).

Locomotion presents different constraints depending on substrate use and the
individual’s size, especially when moving in inclines (Pridmore 1992, 1994;
Hildebrand 1995; Santori et al. 2005; Delciellos and Vieira 2006; Vieira 2006a, b).
Terrestrial environments, on one hand, are perceived in different ways by small or
medium/large animals, with smaller individuals having to sort out larger obstacles
and longer, more sinuous paths when moving around, in proportion to larger ones
(Vieira 2006a, b). Arboreal environments, on the other hand, pose considerable
constraints to size in mammals, which are related to living in a highly complex
three-dimensional habitat which includes gathering food, escaping from predators,
and moving through different sized branches and open spaces, amongst others
(Szalay 1994; Hildebrand 1995).

Marsupial locomotion has been described as mostly quadrupedal (also called
grasp climbing by Szalay 1994), both on terrestrial and arboreal substrates (Grand
1983; Vieira 2006a, b). South American marsupials move at a slow pace, regardless
of the substrate, exploring with their heads up and “sensing” the environment
(Streilen 1982; Martin and Udrizar Sauthier 2011). Despite this common pattern,
differences between lineages show most didelphids move in a lateral sequence
(Pridmore 1992; Hildebrand 1995), while D. gliroides and Caluromys philander
use a diagonal sequence, which has been associated (mostly) with locomotion on
narrow substrates (Pridmore 1994; Lemelin et al. 2003). The pattern of lateral
sequence changes to a diagonal one when starting to run or trot (McManus 1970;
Pridmore 1992; Vieira 2006a, b), which is typical for arboreal mammals
(Hildebrand 1995; Lemelin et al. 2003). Diagonal sequencing apparently produces a
more stable stride in arboreal mammals, probably due to the fact that lateral
sequences make thin branches shake in an uncontrolled manner (sideways for the
animal). Both diagonal and lateral sequences are symmetrical in Didelphidae
(Lemelin et al. 2003; Vieira 2006a, b), meaning that limbs move in pairs. This is
also true for the diagonal sequence found in Caluromys philander (Caluromyidae)
and the microbiotheriid D. gliroides (Pridmore 1994; Lemelin et al. 2003). All
studied species (except C. philander) move to an asymmetrical half-bound and
transverse gallop or trot when fleeing (Pridmore 1992, 1994; Lemelin et al. 2003).
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These changes in locomotion patterns have been recorded in substrates resembling
trees, even with different inclination angles (Vieira 1997, 2006a, b). What does this
locomotion pattern imply, and does it resemble the ancestrally inferred pattern of
locomotion? It is interesting to note that two lineages of arboreal South American
marsupials which are not related (Caluromys and Dromiciops), share the same
diagonal pattern of locomotion, and that this pattern is found in running
Didelphidae. Although further studies are required, this could mean that living
Didelphidae evolved from an arboreal species with a diagonal sequence, and that a
lateral sequence derived when animals ventured onto the ground, with the diagonal
sequence retained by “older” lineages.

Compared to other arboreal/scansorial mammals, marsupials move slowly when
in trees, grasping the surface and positioning themselves as vertical to the substrate
as they can. Also, the position of their limbs is distinct from other arboreal mam-
mals, placing the forefeet close to each other and supporting much of the weight,
using the head and tail as balancing organs, and placing the hindfeet a little apart
from the gravity center as a way to support the moving individual. Most New
World marsupials have long and well-developed tails, with the exception of cae-
nolestids and some terrestrial forms in which the tail is clearly shorter than
head-body length (e.g., Monodelphis). The presence of a long tail plays an
important role as a balancing organ in which the center of gravity is moved
backwards and allows for quick movements on uneven substrates without the use of
the forelimbs (Argot 2003; Muizon and Argot 2003). Anatomically, arboreal forms
are characterized by caudal bones with well-developed neural and mammillary
processes, coupled with robust transverse processes and strong abductors at the
base of the tail (Argot 2003). In these species, the tail is heavy and muscular at its
base, with a lengthening of the posterior caudals and prehensility toward the pos-
teriormost end, where the development of a series of plicas add to the grasping
capacity (Hershkovitz 1992b, 1997, 1999). In terrestrial forms, the distal caudal
vertebrae are much more slender, presumably not able to support the body weight
of the animal (Argot 2003, but see Martin 2008). The use of the tail as a “fifth
member,” even in highly terrestrial species like L. halli (Szalay 1994, but see Argot
2002; Martin and Udrizar Sauthier 2011), would add support to this arboreal
ancestry in living didelphids (Enders 1935; McManus 1970).

Although marsupials (with the exception of Chironectes) use water habitats only
on rare occasions (i.e., when fleeing from predators, encounter them as obstacles
during foraging activities or floods), they can be active swimmers. Locomotion in
water has been studied for D. virginiana, Chironectes minimus, and L. crassicau-
data (Fish 1993; Santori et al. 2005). Main differences were found in the propulsion
of these species, Chironectes using only its hindfeet while the other two use
underwater paddling, which is different between them as well. The use of hindlimbs
for swimming in Chironectes also has the advantage of leaving the forelimbs free
for foraging, capturing, and manipulating prey (Hamrick 2001). Lutreolina has a
higher stride frequency than Didelphis, similar buoyancy and swimming posture to
Chironectes, but swimming speed similar to that of Didelphis. As opposed to that of
Didelphis, the fur of Chironectes and Lutreolina is non-wettable and provides a
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certain degree of buoyancy (Fish 1993; Marshall 1978a), which is associated with a
more efficient control of swimming movements. Anecdotal information on swim-
ming capabilities is available for M. nudicaudatus, P. frenatus, D. albiventris,
D. aurita, and M. domestica (Hershkovitz 1997; Santori et al. 2005 and literature
cited therein). Mammals with semiaquatic adaptations are not very common due to
thermal (and also anatomical) restrictions, especially those with low BMRs (McNab
2005). Heat loss in water through convection is probably a strong limitation and
other than Chironectes, no other marsupial has “ventured” into this niche.

Althoughmarsupials comprise ca. 10% of the mammal species of South America,
our knowledge on their ecology and behavior is mostly anecdotal. South American
marsupials can be found throughout all the region’s biomes, and occupy different
ecological niches while making use of a variety of substrates (Eisenberg and Wilson
1981; Streilen 1982; Corvalán 2004; Cáceres 2006; Vieira 2006a, b; Martin 2008;
Martin and Udrizar Sauthier 2011).

Habitat use has been studied in tropical and subtropical species, most of them from
forested biomes (e.g., Charles-Dominique et al. 1981; Charles-Dominique 1983;
Pires and Fernandez 1999; Vieira 2006a, b). A few exceptions include D. albiventris
and M. domestica in the Cerrado and Caatinga (Streilen 1982); M. dimidiata in the
Pampa (Pine et al. 1985); T. pallidior in the Monte (Corvalán 2004) andD. gliroides
in the Temperate Rainforest (Patterson et al. 1990; Rodríguez-Cabal et al. 2007).
Studies show that most species make a “complete” use of the habitat by moving
throughout most of the space available to them, even if they are mostly arboreal,
scansorial or mostly terrestrial. Smaller species, with the exception of Monodelphis
spp. and L. halli, are arboreal or scansorial, and those from tropical or subtropical
forests can be found living in microsympatry with similar body-sized species and
sharing the same resources (Eisenberg and Wilson 1981; Emmons and Feer 1997;
Pires and Fernández 1999; Delciellos and Vieira 2006; Vieira 2006a, b). This has
provided unique opportunities to test for hypothesis of vertical stratification and
resource partitioning. Comparing different areas in the Brazilian Atlantic Forest,
Vieira (2006a, b) found that substrate use was influenced by: (1) seasonal patterns
related to food availability, (2) intraspecific segregation (e.g., young from adults,
males from females), (3) changes in patterns of community composition according to
substrate, and (4) ecological processes involving habitat use in relation to the species’
daily activities (e.g., foraging, resting). Many of these factors are influenced by others
mentioned above, some of them intrinsic (e.g. diet , reproduction, locomotion, and
population density), others extrinsic (e.g., climate, type, and condition of habitat).
Two separate studies on M. incanus and M. paraguayanus in the Brazilian Atlantic
forest have shown space use to be the same for both males and females in the former
but different in the latter, with females of M. paraguayanus exploring the vertical
strata of the forest more frequently than males (Loretto and Vieira 2008; Prevedello
et al. 2009). Unfortunately, these are the only studies documenting space use at this
scale and for one ecoregion, with no information on other spatially/vertically com-
plex environments. Species living in somewhat “simpler” environments (i.e., less
vertically stratified) still show a complex habitat use (e.g., T. pallidior in the Monte
desert of Argentina, Corvalán 2004).
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The behavior of South American marsupials is generally comprised of anec-
dotical accounts in works with a broad scope that might include one or several
species. Streilen (1982) presented a lengthy description of activity patterns in
D. albiventris and M. domestica, including activity period, exploration, sleeping,
prey manipulation, grooming, and other socially related behavior. Both species
have nocturnal and crepuscular activity patterns, concentrated during the first hours
after dawn and with bouts throughout the night, depending on foraging activities
and food intake. In relation to this, both species move with their noses close to the
substrate, stopping for brief moments and sniffing the air, to continue moving with
their noses close to the substrate. When an item is located, a moment is spent
calculating distance and possible movements, and followed by a quick grasp with
its mouth. If the item is a live vertebrate, it is bitten in the neck and immobilized.
After this, a semierect feeding position is assumed. Manipulation of the prey is
generally done by one or both paws, depending on its size. Grooming of the head
and forepaws is often a previous activity to prey manipulation and consumption.
Grooming patterns start with the forepaws around the head, which have been
previously and extensively licked, and then proceed onto the rest of the body. The
hindfeet are used to scratch the body and head, in a similar manner as the forefeet,
but with restricted mobility. These stereotyped patterns were found typical, with
minor variations, for other species [e.g., M. dimidiata (González and Claramunt
2000), Philander spp. (Hershkovitz 1997), D. gliroides (Mann 1955, 1958; Martin
2008), Thylamys fenestrae (Bruch 1917), Thylamys elegans (Palma 1997), L. halli
(Martin and Udrizar Sauthier 2011)].

A combination of anatomical features including size and locomotion, along with
a series of common patterns of behavior, results in minor differences between
habitat use and other related adaptations in South American marsupials. Most
species show variable levels of integration with the habitat in which they live, and
the way they use it. Vertical stratification in structurally complex habitats is mostly
related to resource availability, while species mobility might influence habitat use in
simpler environments.

2.6 Integrating Physiological and Ecological Constraints

As described above, several factors appear to be relevant when analyzing the
physiological and ecological constraints of South American marsupials. The BMR
and other physiological adaptations (e.g., field metabolic rate), diet and food
availability, foraging activities and habitat use, are all related and can be indicative
of how different species cope with the availability of food resources and climatic
variations (Tyndale-Biscoe and Renfree 1987; Green 1997; Hume 1999; McNab
2005). Apart from the direct relationship to food items, energy expenditure during
foraging activities is a critical factor that should maximize, ideally, the net rate of
energy balance (Townsend and Hughes 1981). One of the strategies documented in
both New and Old World old world marsupials is related to the way in which
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animals make use of their energetic resources, and includes hibernation and/or daily
torpor (McNab 1978, 2005; Geiser 1994, 2003; Bozinovic et al. 2004, 2005), and
the storage of those accumulated resources, both as body or caudal fat (Morton
1980; Krause and Krause 2006; see below). Torpor and/or hibernation are common
(but not exclusive) adaptations in mammals that experience seasonal food shortages
and sometimes low environmental temperatures, to counterbalance the negative
results between foraging activities and food intake (Geiser 2003; Bozinovic et al.
2004). While hibernation in New World marsupials is only known to occur in
D. gliroides (Bozinovic et al. 2004), daily torpor appears to be a common strategy,
especially in smaller species (e.g., L. halli, Monodelphis brevicaudata, T. elegans;
Morrison and McNab 1962; McNab 1978; Bozinovic et al. 2005; Martin 2008;
Geiser and Martin 2013). Torpor can be induced by food deprivation and low
ambient temperatures, proving this adaptation is an opportunistic (and facultative)
response to unpredictable biotic and abiotic conditions (Geiser 1994; Bozinovic
et al. 2004, 2005; Martin 2008; Martin and Udrizar Sauthier 2011; Geiser and
Martin 2013). Torpor may also occur in tropical or subtropical environments, even
when food is available, as a way of maximizing energy use (Geiser 1994). This has
only been documented in small species (e.g., G. microtarsus, M. robinsoni), sug-
gesting a strong relationship between size (i.e., body mass) and heterothermy
(McNab 2005). Recent work on torpor and hibernation in marsupials shows that
torpor intensity varies from juveniles to adults, being longer in the former (Geiser
et al. 2008). This appears to be an important adaptation in growing individuals to
survive periods of energy shortage, and may facilitate somatic growth because
valuable nutrients are not wasted in thermoregulation (Geiser et al. 2008). No
indication of torpor or hibernation was found in recent observations of several
individuals of Caenolestes fuliginosus, maintained in captivity during variable
periods of time (1 to 12 consecutive days; Martin and González Chávez, in prep.).

A complimentary behavior to torpor that was recently discovered to occur in
Australian marsupials is basking (Geiser et al. 2008). A few species of desert
dasyurids employ this strategy during rewarming from torpid states, a process that
can reduce the energy costs of this process by 85 % (Geiser et al. 2008). Although
this behavior is yet to be recorded in South American marsupials, species living in
highly seasonal environments (e.g., Patagonian Steppe, Puna, Cerrado, Caatinga)
could be expected to show this adaptation as well.

Caudal fat storage has been documented as an adaptation to highly seasonal
environments acting as energy reserves during periods of food shortage (Morton
1980). This feature is common in many of the small dasyurids living in central
Australia, and is also present in some rodents, insectivores, and lemurs. It has also
been found to occur in small didelphids from xeric environments (e.g., L. halli,
Thylamys spp.) and, convergently, in D. gliroides and R. raphanurus, both from
the Valdivian Temperate Rainforest (Morton 1980; Birney and Monjeau 2003;
Solari 2003; Martin 2008). Even though Caenolestes spp. and L. inca inhabit
extreme environments (the páramos and subpáramos above 1800 m) there is no
record of tail incrassation in these species (Albuja and Patterson 1996,
Tyndale-Biscoe 2005). Tail incrassation has been mentioned in D. virginiana
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(Krause and Krause 2006), and might also occur in other didelphids that live in
highly seasonal environments (e.g., Caatinga, Cerrado, Chaco). Unfortunately, little
is known about the occurrence of this adaptation in other didelphids and no
information is available on the total amount of energy stored as caudal fat. Also, the
speed at which this fat is consumed or metabolized remains unknown. In specimens
of L. halli maintained in captivity for over two months and with a constant food
supply, the tail quickly became incrassated changing its shape from dorsoventrally
flattened to “carrot-like” in less than a week (Martin and Udrizar Sauthier 2011).
When deprived of food, caudal fat was consumed in a matter of 7–10 days, which is
indicative of a quickly available energy resource. High-energy resources like this
might provide an important advantage when rewarming from daily or multiday
torpor, an adaptation that could also maximize energy use for short foraging
activities during harsh environmental conditions. These adaptations would be
directly related to the need to prolong fat reserves, keeping the body functioning
with a minimum waste of energy to maintain vital processes needed to survive
(Morton 1980; Geiser 1994, 2003; Bozinovic et al. 2004, 2005).

The occurrence of physiological adaptations as those mentioned above are
generally combined with a selective habitat use. Many species also rely on tree
cavities, burrows, and other protected locations during the day and between for-
aging bouts. While these areas within the environment can be used as resting places
and would provide protection from predators, they are also important for buffering
thermal extremes (Geiser 2003). In many ways, these adaptations are somewhat
related and are a direct consequence of most South American species being
small-sized (Lee and Cockburn 1987; Geiser 2003). Locomotor and anatomical
features characteristic of New World marsupials influence the species’ habitat use
and preferences, resulting in most species being arboreal or scansorial. This in turn,
can be associated with a generally opportunistic and omnivorous diet , giving these
species the capacity to cope with fluctuating resources due to different environ-
mental constrains, including those related to seasonality and complex habitats.
While moving away from multi-stratified habitats into simpler ones, resource
availability also decreases. Marsupials living in more simple and sometimes
extreme habitats should therefore “concentrate” on strategies to minimize energy
use during physiological processes (e.g., homeothermy) and foraging activities by
entering torpor (daily or multiday bouts), while maximizing energy input by
shifting their feeding preferences and fat storage. Most South American marsupials
are nocturnal, which represents an additional energetic problem. It is during the
night that lowest temperatures are recorded, increasing heat loss and energy
expenditure to maintain a constant internal temperature. It is also during the night
that “mobile” food resources (mainly arthropods and rodents) are active and easily
available, while “static” resources might be available due to other animals not being
active during the night (e.g., frugivorous monkeys and birds in tropical and sub-
tropical environments). Another critical factor, especially for species living in xeric
environments, is related to hydric balance (Díaz and Cortés 2003). Concentrating
foraging activities during the night would maximize the chances of finding food
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items quicker and with less energy expenditure, while the water balance remains
positive avoiding evapoperspiration (Schmidt-Nielsen 1964).

The reproductive strategies of South American marsupials are most likely to be
influenced by these ecological and physiological constraints as well. As a result,
different strategies might evolve, resulting in species that live for more than one
year and reproduce seasonally or throughout the year, and species that only
reproduce once in their life (i.e., are truly semelparous). Although our information
is very limited in this respect, species with broader distributions appear to have
marked seasonal reproduction patterns, especially toward their distribution
extremes. These species tend to produce one litter per year and/or reduce their litter
size when away from their optimal range, especially towards the South. Thermal
constraints would have a direct influence on the reproductive cycles of these
broad-ranging species, while resource availability and other ecological factors (i.e.,
intraspecific competition) might influence tropical and subtropical species more
acutely. The advantage of a single reproductive cycle in non-semelparous species
living in temperate environments would allow individuals to reduce the energy
expenditure related to breeding and allocate resources into metabolic processes for
surviving to reproduce yet another season.

The distribution of living South American marsupials is a result of all these
constraints, along with historical factors. In this context, two separate lineages (i.e.,
Microbiotheria and Paucituberculata) adapted to living in temperate or
temperate-cold environments would be remnants of once diverse groups, while a
separate, and highly diversified lineage (i.e., Didelphimorphia) mainly lives in
humid tropical/subtropical environments and has recently adapted to (colonized?) a
diversity of habitats (e.g., warm-dry habitats like the Chaco and Caatinga; cold-dry
habitats like Patagonia and Puna; cool-humid habitats like the Humid Pampas). Due
to this combination of physiological ecology and historical factors, the area between
40°S/70° 30′W and 41° 30′S/72° 30′W (Fig. 2.7) is the only one where the three
extant New World marsupial Orders coexist (with five species): Didelphimorphia
(L. halli, T. pallidior and D. albiventris); Microbiotheria (D. gliroides); and
Paucituberculata (R. raphanurus) (Martin 2008, 2010, 2011).

South America shows unique environmental conditions, including steep envi-
ronmental gradients mostly due to acute altitudinal differences, which have no
correlation in Australia, providing a magnificent opportunity to study the anatom-
ical and physiological adaptations of these marsupials. Intrinsic (i.e., physiological,
ecological) and extrinsic (i.e., climatic) thermal constraints strongly influence their
feeding preferences and reproductive strategies, which are bounded within several
anatomical constraints, and related to habitat use and, ultimately, their distribution
patterns. Several constraints appear to be critical as part of the life strategies of
South American marsupials: (1) variable energetic costs for regulating metabolic
processes, due to a low rate of metabolism, the possibility to enter torpor/hiber-
nation, and the storage of different types of fat tissues available for those varied
processes; (2) a broad, generally opportunistic and omnivorous diet; (3) a repro-
duction cycle that shares a short gestation period and long, energy-demanding,
breeding period, but with specific differences in reproductive strategies
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(e.g., semelparity, partial semelparity, iteroparity), and their main traits (e.g., litters
per year and litter size, teat number); (4) arboreal/scansorial habits and a complete
use of the available habitat. These adaptations, added to a generally small size,
small energy expenditure on foraging and other daily activities, most of which take
place during night hours, allow South American marsupial species to thrive in
environments where competition with other animals might be strong (e.g., tropical
and subtropical climates), or where a few small mammals can survive (e.g., tem-
perate and temperate-cold climates), due to several environmental limitations.

Future studies should aim at filling the many gaps in our knowledge of their
natural history, and integrate them into a body of work which should provide some
insight on the evolutionary history of these peculiar groups of mammals.
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